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CONTROL OF CRACKING IN CONCRETE GRAVITY 


William R. Waugh,! F, ASCE and James A. Rhodes, 2M. ASCE pnt 


The fundamental cause of temperature cracking in concrete ‘gravity dams ; 
4 the restraint which accompanies temperature changes. Paper traces evo-- 


4 


lution of crack control measures (cement factor, cement replacement materi-_ 
ia concrete placing temperature, lift thickness, rate of placement, and insu- 


; lation), and describes current Corps of Engineers practices and results. sin 


_ Analytically « derived stress s patterns ir in concrete g gravity dams, based on the ~ 
usual dead and live loads expected exist, resemble only vaguely 


. adequacy of simple stress analyses a are the cracks which develop ina structure _ 
that are not remotely related to theoretical dead and live load stresses. — The 
"principal cause of such cracking is volume changes accompanying tempera- - 
__ _It is the purpose of this paper to present the methods used and the results 
obtained by the Corps ¢ of Engineers in in reducing the magnitude, extent and ae 
amount of structurally significant temperature cracking in mass s concrete Bb i 
structures. If such cracking can be avoided, it then follows that temperature i 4g 
induced stresses are n not design assumptions as to the unity 
‘There are other potential causes of cracking which may be encountered in 
mass construction, but these will not be discussed. Prominent among 
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“these is the cracking which may occur as a result of alkali- “aggregate re-— | exp 


7 The effects of this and other factors on cr pre development 1 ina mass a hay 
7 a ‘concrete structure can be minimized by adequate care in the selection of = 

arya materials and the exercise of proper practices during construction. | ane 
cracks resulting from temperature changes which are of greatest con- 
cern are the vertical cracks parallel to the axis which if extensive enough can | — dec 
: interrupt the continuity of a dam and unfavorably influence its structural in- set 
va tegrity. Such cracks usually result from temperature changes which occur pe. 
} _ during construction and are evident on the exposed bulkhead faces and across _ 

the tops of monoliths. Initially such cracks may a appear to be superficial or ter 

surface cracks of only shallow depth. Measurements of the depths of such a ter 

cracks made soon after initial detection have encouraged what is believed to i st 
,3 be an erroneous conclusion that such cracks will not completely dissect a | 

- monolith and therefore should be of no concern from a structural standpoint. a. 

7 Initially such cracks may penetrate to a depth of only a few feet but subsequent | 4 
*% temperature changes and the influence of load may cause a crack to extend s “a _ 

that it eventually passes completely through a monolith from the foundation 

to the downstream face. For many years there was much speculation concern-_ —_ a : 

ing this phenomenon and those who have attempted to discount the importance — 

of control of cracking have contended that no such extension of cracks could 

or would occur. Until recent years no systematic exploration was undertaken 

: for the purpose of positively determining the extent of such cracks; cota 
i a detailed exploratory examination was undertaken of a concrete gravity dam | = 
drilling NX core holes (3-inch diameter), and by photographing the interior 


of the holes with a borehole camera(!) to _ Supplement the evidence obtained | . 
from the drilling operations. The exploration proved conclusively that ig 
sometimes extend laterally completely through a monolith from contraction 

- joint to contraction joint and vertically from near the foundation to near the ; 
Cracks which may unfavorably influence structural integrity are of greatest 
concern; however, cracks which unfavorably influence water tightness, dura- 

_ bility and appearance are also objectionable. — Vertical cracks normal to the s 
axis of a dam and horizontal cracks, both of which sence occur on i 


_ The fundamental cause of temperature cracking is restraint. Two oe 
nent restraint situations are common in mass concrete dams. - One of these a 4 
results when differences in temperature occur in a dam. ‘The: particular situ-— 


- ation which causes cracking occurs when exposed portions of a dam are se- 
7 verely cooled when subjected to low ambient temperatures while the adjacent 
interior portions are at relatively high temperatures. The warm interior am 


restrains the cool exterior concrete from contracting freely and 


stress in excess of tensile strength develops, acrack occurs. 
_ The other prominent restraint situation occurs when concrete is cast ona 2 = 
= rigid rock foundation or | on relatively rigid old concrete which has 
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expanding by the rock or tends ‘compressive 


a stresses. . Measurements of structural behavior of mass concrete meaaaitd a 


_ have indicated however that very little « ‘compressive stress develops as a re- 
sult of the initial rise in temperature because of low modulus of elasticity 
and the relatively large amount of creep which occurs. So a relatively minor | 
decline in temperature relieves the | small compressive stress and all further — 


_ declines in temperature against the the | restraining influence of the foundation | 


as It is of interest to speculate that there is a distinct possibility that cracks 2, 
first caused on bulkhead faces by restraint due to sharp differences in a 53 
_ temperature between interior and exterior portions of a monolith may be jae 
tended entirely through a monolith by subsequent | effects of foundation re- pS 
: straint. If on the other hand, no cracks exist on a bulkhead face a me mae 
able drop in temperature can occur, over an extended period of time ( a matter — 
_ of years), against foundation 1 restraint without causing a cr crack. _ > aia 
_ The factors which have the greatest influence may be summarized ; as 


Type of cementing material used. 
2. - Quantity of cementing material use 
Construction program and 


UA tificial Treatments. 
rtifi r 


"Climatic conditions. 


The 1 first { four of these are re subject to. regulation within limits and | through such 
_ regulation provide the means for control of temperatures. - The heat generat- 
ing characteristics and amount of cementing material used have a very great 
influence on the magnitude of the temperature changes which occur. 
‘The construction program and procedures } influence to a marked degree ~ 
7 ae...» problem « of temperature control. . Through proper planning and reguistion 
a of the construction program, circumstances which are conducive to cracking — 
= be largely avoided. The ideal construction program as far as tempera~ 
& ture control is co ncerned is one in which (a) all the monoliths of a dam | — 


the optimum for the type of control utilized, and (c) the difference in is oro an 
between adjacent monoliths is kept at a practical minimum. This ideal 


rarely approached because usually for practical reasons the work has to eo a 


e. prosecuted in ‘Stages wherein provisions are made for diversion of the stream. 
This r results in interruptions in the work in some monoliths while work in 


other monoliths is being prosecuted (Fig. 1). Some monoliths are left low 7 


over which the stream is temporarily diverted while adjacent monoliths are 
carried up to heights considerably above the level of the low diversion blocks. mi 
The resulting high bulkhead faces if exposed during extremely cold weather 
will almost invariably crack. The top surfaces of monoliths in which lel 
progress of the work is interrupted for a long period of time are also fulner- 
able to cracking under such circumstances. The ideal in construction erny) a 
is most nearly approached when stream can 
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A - TYPICAL CONSTRUCTION PROGRESS WITH RIVER DIVERSION (3 — 


— from its normal course e by use of a diversion tunnel and the hee 
area of the dam thus made available for prosecution of the work (Fig. 2) — 
a Other construction procedures such as thickness of lift and the time cunt 


wl between casting of successive lifts (exposure time) influence the amount 
, of heat dissipated which in turn determines the magnitude of the temperature 
_ changes. _ The thickness of lifts can be rigidly controlled and the exposure ss 
_ time between lifts can be controlled within limits | subject to the practical limi- 7 
_ tations imposed by such things as stream diversion and construction ae ; 
capacity. _ However, when concrete is being placed at initial temperatures of i 
50 F or less during periods of high ambient temperature, lift thickness has 
_ only a minor influence on maximum concrete temperatures, and lift a 
limits may be dictated by construction plant capacities and capabilities, and 
the problem of placing at the sloping downstream face ofa adam 
_ Temperature changes can be influenced by the use of artificial devices. . ne 
of the first such temperature control means used was artificial (or 20 
forced) cooling wherein a coolant is circulated through pipes embedded in the 
? concrete. This method has been prominently utilized by the Bureau of Recla- 
_ mation and to a less extent by the Tennessee Valley Authority, but only to a ae 
limited extent by the Corps of Engineers. its earliest application the 
‘method was used primarily for the purpose of cooling a dam to its final stable 
temperature so that joints could be grouted. . Later the idea was extended, eu 


notably by TVA at Fontana Dam(5) to include as a primary con-~ 


_ more of the ingredients of the concrete mix so as to ‘lower the een aa 
temperature, thus | reducing the maximum temperature and the drop in — asad: 


from maximum to final conditions. Ina number of instances 
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Ba by forced cooling i in n critical zones within the structure. ee 
- u- 

wiles. It has been used in the protection of freshly placed concrete against a 
frecning for many years but t only within relatively recent years has en ' 
been utilized extensively a asa temperature control device in prevention of aia 

_ cracking. Its primary application is in protection of surfaces which would a 


otherwise be subjected to sharp and severe drops in temperature. 
4 


4 7 _ Thermal properties of the concrete : also influence both the magnitude and 
‘rate of heat loss and temperature changes, however, the thermal properties: ; 
of the concrete for all intents and purposes are not subject to control. 1. They 4 
are largely determined by the thermal properties of the aggregates and the 
| Resets used in a structure are largely fixed by availability of suitable ma- 
- terials and economic « considerations. In any event the range in thermal wa A 
4 properties encountered in practice do not materially influence the control of ee 
Control of Cracking— Basic Objectives 
Simply stated, the basic in control of temperatures to 


or minimize cracking in Corps of Engineer dams may be stated as follows: 
== a. Keep the general c cycle | of of temperature change in the structure as small 


 b. Keep the differences in temperature which prevail at any. given time | 


F cracks to develop it can be seen that the first objective is of primary im- Raita cd 
a portance in the base of a dam where foundation restraint is effective. 
3 ing that foundation r restraint varies from. 100% at the foundation | to ; as oi 
as ss at a a height above the foundation equal to er 
: 
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about 30% of the total concrete in a a gravity dam of ane section not divided > . - 


_ by longitudinal joints is subject to potential development of appreciable tensile - 
- i stress as the temperature of the concrete declines from maximum to final hie 
_ stable. To keep this decline small the temperature rise due to cement hy- ~ - 
_ dration must be small and the placing temperature low. . Under a given set of 
7 circumstances these are not difficult to accomplish in cold weather; in warm 
or hot weather they both become somewhat ofa problem. = | 
aaa The degree t to which the second | objective can be accomplished depends a 
‘great deal on construction. programming, climatic conditions and the 
of artificial treatments to modify the changes which would otherwise occur as a 
a result of climatic influences. The second objective is more difficult to plan b 
ai and accomplish than the first and in recent experience it is believed that 
cracks have occurred more as a result of failure to effectively cope with this” * 
problem than non the influence of foundation restraint. 


or 


‘The control procedures w which are now in use by the Corps of Engineers are 4 
the result of evolutionary developments over a period of years (Table Il). 
‘During the period 1933-1940 the Corps constructed among other works five 
_ relatively large mass concrete dams. They ranged in height from 150 feet for 
_ John Martin to 235 feet for Conchas Dam; and in volume of concrete involved - 
from 337, 000 cubic yards for Mahoning ‘Creek Dam to 1 ,110,000 cubic yards 
for Tygart Dam. In general the temperature control procedures consisted — 
only of use of moderate heat portland cement (about the equivalent of present — J 
; 7 day Type ID, limiting lift thicknesses to 5 feet with a required minimum time 7 
between casting of successive lifts of either 3 days or 5 days and the use oO 
: the lowest cement factor then practicable, about 3.5 bags (329 pounds) per 
bi d, fo te t ‘oe 
_ These practices were not materially different from those followed by others» 
in the USA during this same period for dams of comparable size. Also the 
‘e experience with respect to frequency of occurrence, size and extent of crack- 


=. 


a was about parallel to that of others. In essence frequent, extensive and 
at sometimes rather large cracks occurred on bulkhead faces and tops of lifts = 
_ exposed for extended periods during fall and winter months. _ Also’ both gener- 
ally vertical and generally horizontal cracking on upstream and downstream’ Pr 
; faces was frequent and extensive. The extent to which foundation restraint _ 
i _ contributed to the start or extension of cracks on bulkhead faces in these dams 
ve is not determinable but it is estimated that the average temperature drop in 
vr the concrete in the first few lifts above foundation rock placed in summer in 
= these structures may have ranged from 50 F to 60 F which must be charac- 
terized as unfavorable(2) even though the decline took place over periods of _ 
_ several years. The experiences during this period indicated that the —_— 
_ procedures utilized were not very effective in eliminating or minimizing 


(World War II) only work of urgent priority on 
- projects contributing to the defense effort was undertaken. Following = 
_ War II work on design and construction of dams was immediately accelerated _ 
- and since that time the Corps of Engineers has completed in addition to other 
ss navigation and flood protection works, nineteen major mass concrete dams 


—- in soe from een 145 feet for John H. Kerr Dam to 440 feet and 
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CRACKING IN DA MS 


300,000 cubic yards in Narrows Dam to 2,150,000 cubic yards in Pine —_ 

Dam. The volume of concrete in each of 7 of the 19 days is more than 

__In the light of previous experience and with the program described above in 
prospect it naturally followed that the problems of control of temperatures to ie 
eliminate or at least minimize cracking was given major consideration in a 
' ost Wo for these dams. Soon after the resumption of work in the immediate 

_ post World War II period the use of entrained air in all Corps of Engineers ee 

concrete was instituted. As an immediate result it was possible to effect sub- a 

_ stantial reductions in the amount of cement used with a consequent major bene- _ 

fit to . control of temperatures. ‘The full potential « of entrained air in reducing — 


the amount of cement required however was ; not realized initially in a number > 
of instances because aggregates, particularly fine aggregates, were notas _ 
well or uniformly graded as they might have e been. 
a The next important step therefore in improving on methods o of temperature = 
control procedures was to institute the use of well and uniformly graded aggre- 
gates” with particular emphasis on fine aggregates. _ ‘This was essential to uni- a 
form and sustained use of the lowest practical cement factors in interior er 
; concrete where from experience it had been amply demonstrated the lean mass: 
_ concrete mixes are extremely sensitive to variations in amount and grading of p 
: fine aggregate, , and is also’ important in 1 uniform control of air content which © 
| is an absolute necessity if required workability is to be maintained in very a 
7 The combined benefits from use of entrained air and fine , aggregate ae 
proper and uniform grading have made it possible to reduce cement eee ? 
for interior concrete by more than 25%. Prior to use of entrained air and = { 
fine aggregate having optimum grading characteristics for lean mass concrete, 
- cement factors for concrete made with manufactured coarse and fine aggre- = 
gate averaged about 3.5 bags per cubic yard, and for concrete made with natur- 
al coarse and fine aggregate cement factors generally averaged about 3. 25 


with all manufactured aggregate is 2.5 bags per yard or Slightly less; and for | : 


- all natural aggregate the cement factor is usually 2.25 bags per cubic yard. — ; 
To achieve a reduction of more than 25% in cement content was a , major ad- 
_-vancement in the control of temperatures i in mass concrete dams. In terms of 
rise for concrete made with average Type portland ‘cement and 
having average thermal properties a reduction in cement from 3.5 to 2.5 bags 
es cubic yard means a reduction in adiabatic temperature rise of at least te 
12 F at 28 days. . Typical adiabatic rise for several 
__ In seeking further means of controlling temperatures in mass concrete 
dams the idea of precooling the ingredients to lower the placing temperature *, 
was oer _ The first known uses of this idea were by the TVA at Hiwassee 
-Dam(6) in 1938, and by Bureau of Reclamation at Friant Dam(‘7) in 1940. ATS 
Hiwassee the maximum placing temperature in the summer months was re- 
duced from about 78 F to about 72 F by use of refrigerated mixing water. At * 
Friant Dam refrigerated mixing water containing slush ice reduced the placing 
temperature of the concrete to 70 F in | summer. In neither | of these cases on yy 


a temperature control ‘measure. 
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TABLE IIT. CONCRETE TEMPERATURE CONTROL PRACTICES FOR) 
CORPS OF ENGINEERS MASS CCE 
VOLUME 
MATERIAL _ 


»000 ,000 Port.-Pozzolan 


1933 
Mahoning Creek 


John Martin 
Ax 


000 Moderate Heat 
Bluestone 


1,362 
igke "980,000 Type 


Dale Hollow 
Center 


Type II 
950 


20h Slag Cem. 


= He Kerr 


1,073,000 25% Natural 
000 
430 
,100, 000 254 Natural 
860,000 
000 


Mount Morris 
Harlan County 
Shoals 


Detroit 
Whitney 
Lookout Point 
Pine Flat 


2,150, 000 ‘Type 
Chief J Josep! 


1,278,000 
(1,170, 000 oe 
1,250 000 Type LA. ) 
532, 000 Type IT Ash 


20°) 


25% 
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(365 
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there were re uncertainties as s to cost and there w; was no experience ; in 1 cooling the 
7 ingredients in the mix except water. Consequently the limits initially ea a7 
& tablished in specifications as the maximum allowable placing temperature 
were influenced materially by what was considered the practical limits to : 
~ which precooling could be accomplished. Typical of the requirements initially 
was the maximum allowable placing temperature of 65 F set for Bull | Shoals — 
Dam started in 1948 and the 62 F maximum set for John H. Kerr (Buggs wie: 
: Island) which was started in 1949 (Table 1). It soon became evident that pre- a 
x cooling to temperatures well below those initially specified would be entirely ' 


‘practical by using refrigerated mixing water and ice; and by cooling ‘the : aggre- PE 


gates. Economical methods for cooling aggregates were soon developed and 


Gement factor, sacks /cubic yord | 

he development staves of use recooling by the Corps c ojneer: | ( 
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Concrete Placing 


Temperature Concrete Placed 
Range During 


mem Minimum Typical Interior Specified 


Bull Shoals 5 (e) 


Ir 


w 


Chief 5 = 


te) for exterior conerete, bags per cu. yd. 


=a Portland Type II and Natural Cements - approximately 3:1 proportions. 
Reduced to 3 days for 2-1/2 uirts s placed at 40 F initial temperature. 
ASTM designation for Portland Cement Type (II-moderate heat) (IV- ae heat). . 
‘Placement of mass concrete suspended during winter months. 
‘Five foot lifts where forced cooling was utilized. 
Minimum not specified. Maximm limited to 12 days unless insulated a 
— forced max maximum without forced 
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The ability to in a mass concrete dam by con: 
trolling placing temperatures in the range of 45 to 50 F the year round yeake 
as a major improvement equal in importance to the benefits derived from r re- 5 
ducing cement factors by the combined use of entrained air and properly — “. a) 
graded fine aggregate. Whereas in summer, placing temperatures formerly 
ranged from 75 to 85 F and maximum interior temperatures reached 110 - 


’ 125 Fi and higher, with placing temperatures reduced to about 50 F, maximum = 
temperatures rarely exceed 95 F. Mean annual temperatures usually ar are in = 


_ the range of 55 to 60 F which means that average drop in temperature from 
maximum to final stable is reduced from the > range 50 to 70 F, ‘to the range 


35 to 40 F. The combined influence of the use of entrained a air, , properly grad- _ = 
3 


ed sand and precooling is best demonstrated by a comparison of — 
on some earlier projects with the experience on some recent Projects — 


‘The most recently adopted temperature control ‘measure : is the use > of insu- 


2 otherwise be exposed to very low ambient temperatur 
: High bulkhead faces on monoliths adjacent to monoliths left low for stream = 
_ diversion are one of the prominent situations where the use of insulation is 
essential if the occurrence of cracks is to be avoided. ‘The tops of lifts in i 
== where regular casting is interrupted for construction reasons dur- 4 
ing winter months is another situation where insulation is utilized. _ The i 
¥ of insulation on is illustrated in Figs. 4 and 5. 
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gable Rock Corps of Engineers 
Data not Estimate from ambient air temperature in that locality: 
: Information from reference 3 in me: list * the end of this = 
Reference 4. 


Reference 9. ~ 
Reference 10. 


‘The of the — of Engineers for control of 


a —” or minimize cracking in mass concrete dams mz may be summarized - 


a _ Cement Type: Type II portland; or a blend of type II matin and either 


natural or slag cement; or Type II portland and a suitable pozzolan hae, 
(currently only fly ash); or type ISMH portland blast-furcace slag 
cement is utilized. The applicable limits on heat of hydration of type 1 
a portland cement and type IS! ISMH portland blast-furnace slag cement ap- 
ply. Influence of use of cement replacement materials on adiabatic or 
_ temperature rise is shown on Fig. 7. 


bere” Cement factors of 2.25 to 2.50 bags sper cu cubic ‘yard ai are usual for ‘interior — 
concrete; higher cement factors (about 4.0 bags per cubic yard) are py 

_ used in the outer 5 to 8 feet at the upstream and downstream faces. sf). > 

Maximum placing temperature usu-— 


e. ‘Cenctuntiies Procedures: Lift thicknesses of 5 or 7.5 feet are utilized. 
maximum allowable exposure time (usually 12 to 15 days) is set 
ag rather than a minimum exposure. | This is designed to insure that cast- = 


ing of successive layers (or lifts) in a monolith will proceed at a regu- 
_ lar and uninterrupted rate. Difference in height between adjacent mono-— 
dae = is limited to three lifts (15, or 22.5 feet as the case may be) — 
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jj. 4d. Insulation: Surfaces to be exposed for long periods (usually 15 days or 4 
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DEPTH ( ( FEET) 


FACE DURING WII 


oe control program by making it possible to utilize the gonial ; 
low cement factors in the interior concrete. They are, (a) properly and 
uniformly graded aggregate, particularly fine aggregate; (b) entrained — 


air; and (c) use of heavy duty internal vibrators to compact or consoli- 


Comparison with Other Procedures 

n. Fundamentally all approaches | to the control of temperatures include Jz 

"practices which are more or less basic to the problem. These include the se ; 
a of lowest practical cement factors, the use of cementing materials of favorable ~ 


generating characteristics and regulation of ‘Procedures. 


temperature of the concrete as a means of 
_ reducing the maximum temperature experienced in a structure. - Other agen- 
“cles, notably the of Reclamation to a limited extent the TVA, have 
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7 - EFFECT REPLACEMENT 
ALS ON ADIABATIC TEMPERATURE 
OF 2%- 


and disadvantages of the 
principal advantages of precooling are ease and of field 
_ application and control and low cost. greatest disadvantage of precooling 
is that regulation « of the | temperature cycle is limited to control over the maxi- a 
— advantages of forced cooling (at least theoretically) are its flexibility _ 
application and its control over the entire The 


— 
— 
| 
a 
" utilized cooling to remove heat from the st a 
ing of the concrete after it is placed inthe dam. Because of this fundamental 
i 
cS — 


yb , 1959 
4 disadvantages _ forced cooling a are its complicated and difficult application 
and under field conditions and its == 


Methods Used in Precooling Concre 


_ Contractors have developed a number of schemes for precooling the — : 


- concrete to meet the 50 F placing temperature requirement under summer a. 


§g —-Bilacing conditions. All of the schemes developed utilize ice and/or refrigerat- a 


ed mixing water. . The most efficient pre -cooling method, theoretically, is the 
addition of all the mixing water in the form of ice; but practical considerations — 
in the efficiency of mixing operations ‘require that at least one-fourth of the a 
mixing water be in the form of water. By using ice and refrigerated water _ 
placing temperatures of about 10 F below ambient air temperature can be aa 
realized. This, of course, is insufficient to meet the placing temperature re- } 


quirement of 50 F under summer conditions when average daily air tempera- 


Par! 


tures are usually above 80 F. Further depressing of the concrete mix _ 
temperature is obtained by pre-cooling the aggregates. The immersion — 
- method(11) was the first method used to cool aggregates. This procedure in- 
volves holding each of the three larger sizes of coarse aggregate for periods . 
ranging from 5 to 20 minutes in large tanks containing refrigerated water. _ 
The chilled aggregate is then passed over shaker screens to remove some of 7 
the excess water, and thence to insulated batch bins. It is not practicable to 
cool the sand and the smallest size group (#4 to 3/4") of the coarse ceil 
“Fy Next a method of air r cooling(12) w was developed and has been used rather — 7% 
extensively. In this method cold air is circulated through the coarse aggre- — 
_ gates usually after the aggregates are placed in the mixing plant bins. A vari- 
_ ation of this method was used at Table Rock Dam, wherein chilled air was _ 
passed upward through the separate sizes of the coarse aggregate held in indi- 
vidual 32-foot diameter cylindrical tanks, before delivery to insulated bins in 
“the mixing plant. The air cooling method avoids the necessity for the unde a 
_ sirable water removal operation associated with t the immersion method. Al a 
“four coarse aggregate size groups are cooled; no o attempt is made to chill the 


a current Corps project, (Hartwell Dam), a vacuum n refrigeration pro- 


_ coarse aggregate. This method consists of rapidly evacuating a laree portion 
the a air from closed ‘bins containing the ‘moist aggregate, thus reducing | 


_ decrease in temperature of the solids in the bin. The air (and vapor) evacu- ¥ 
ation is accomplished by passing a stream jet through a venturi orifice con- A 

- nected to the cooling tanks. -. The amount of heat withdrawn can be controlled 
by the velocity of the steam jet, and is not restricted by the heat removal cat 
tations of the cooling medium as are the air sion methods. = 

water is chilled by this same 


_ The 19 — constructed by the Corps of Engineers since World War Il states. 7 
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; reasonably well the group w with regard to control procedures : and _ 


‘Table I summarizes the specified control procedures and the actua experi- 
4 ence on these jobs in achieving the controls intended. The influence of the we 


* low cement factors (interior concrete) a and the use of low placing tempera-— J 
tures is reflected in the ‘relatively low maximum um temperatures which occurred 
‘in these structures. Also it will be noted that as a result of early eupericace T1 
“with precooling i it became evident that it would be practical to specify and 

achieve very low | placing temperatures (50 F and lower) in the warmest _ 

summer months. Thus whereas in the four projects started first the ae 
allowable placing temperature ranged from 62 F to 70 F, the maximum allow- Py 
able | placing temperature on the other four was set at 50 F. 

_ Typical maximum temperatures in three recently constructed dams along 7 

_ with similar information from five earlier dams are summarized in Table i. P 2 
_ The influence of control procedures - involving use of low cement factors 74 

cement of memeunns heat generating chasacteriatica, and low placing tempera- _ 
Bulkhead surfaces and tops of lifts exposed during construction to extreme- 
te low ambient temperatures are very likely to crack. Such cracks may ex- | 


tend themselves rather than cl close as cooling and application ¢ of load aan 


Figs. 4, 5 and 6 illustrate how the temperatures at and near a bulkhead face 
_ are influenced by low ambient temperatures and the beneficial effect of insu- 
7 lation. . The surface temperature for the insulated condition is considerably on 
higher than for the “exposed condition and the temperature gradient is much © 
less severe. The difference between the temperature conditions with and with- 
out the benefit of insulation could well be the difference between starting a a wy 
_ The benefits to be derived from limiting the difference in 1 height between 
adjacent 1 monoliths so that exposure of bulkhead faces is kept to a minimum, 
- particularly during pe periods when low ambient temperature may occur, are are a via 
self-evident. 6 illustrates temperature conditions which develop while 
bulkhead face is exposed and after it is covered by the adjacent monolith. 7 
this case the adverse temperature | differentials | which existed adjacent to the 
a bulkhead face after the 62-day exposure (admittedly an abnormally long peri- ae 


; ; --venting or at least minimizing cracking is the amount, frequency and severity 
4 of cracking which occurs. Experience in constructing 19 dams using the con- 7” 
trol measures described has demonstrated that largely these measures are 
effective in cracking and preventing the occurrence of 

_ dangerous cracking. In some instances almost total elimination of cracking 
has been achieved; in at least one case the number of cracks which occurred | 
5 indicated the procedures were not as effectively applied as would have been 
desirable. In the latter case some of the cracking which occurred on bulkhead © 
| faces | would have been prevented if these faces had been effectively insulated. > a 


In no case however is ; there any evidence that the cracking which did occur (i | 
—: summary it may be said that cracking in some of the eight vepeenteti- a : 


_ structures has been almost completely eliminated. Most of the cracks _ 

which have occurred are best described as hairline, of 1 very limited extent 
and of essentially superficial depth. On one of these dams (John H. Kerr, — 


formerly called Buggs Island) not a single crack of even hairline width was 
— on any bu a No cracks ¢ of any kind have occurred in any of the 
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DE PTH (FEET) 
Curve 1 numbers in () are ages of f concrete 
days. Monolith on left placed 28 Sep 5/ pepe 
on right of joint placed 30 Nov 5). 
“MONOLITH JOINT 
alleries of this dam. The absence of cracking in this da dam is phenomenal, 
onsidering the diversion scheme used (Fig. 1). 


€ 


Be equal to the experience cited for John H. Kerr. However, on the two highest 
dams constructed since 1945 (Pine Flat and Detroit). the experience was good. 
At Detroit no vertical cracks were observed on a any exposed bulkhead. In this _ 
— connection it is worth noting (Fig. 2) that with one minor exception all mono- — 
liths in the dam were brought up uniformly and progress was regulated to * ia 
the differences in height between adjacent monoliths at a minimum. 
Consequently, the duration of exposure of bulkhead faces was a practical mini- a 
mum. In the one exception a single monolith on the left abutment was con- had 
structed toa height of about 40 feet as a construction expedient. bulkhead 
faces of this monolith were insulated and stood through one winter season asta 
without ‘The only cracking ¢ evident at Detroit is two minor horizontal 
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CRACKING IN DAMS 


7 cracks on the « Quechee face; and some very minor cracks in the adits and 
"galleries. No | cracks of structural significance occurred at Detroit Dam. 
ar. Experience at Pine Flat in minimizing cracking was not quite as good as at 
- Detroit though excellent in comparison to earlier experience as typified |by 7" 
the Norris Dam (8) experience. . At Pine Flat Dam some vertical cracks, most- "ial 
> hairline to 0.01 inches in width, were observed on several bulkhead faces i ' 
= an unusually (for this region) cold period, but there has been no Ag - 
Significant cracking noted on the upstream and downstream faces of the 


: 7 structure. _ The only current evidences of cracking are some leakage in the — 
intake monoliths and a few minor cracks in galleries and adits. Here again, a 
"considering the magnitude of the structure, the relatively small number, size 
Ss and extent of the cracks which occurred is gratifying evidence of the effective- 
ness of the controls utilized. It should be noted that the use of insulation was 

not a general practice when Pine Flat was constructed and the cracking on 

_ bulkheads described probably would have been avoided if these had been pro- = 
tected cracking of structural s significance has occurred at 


- John H. Kerr, Pine Flat and Detroit Dams. One exception is at Chief pane. _ 
ier Dam, where vertical cracking occurred on eleven bulkhead faces and hori- few, 
- ‘zontal and vertical cracks have developed on the upstream and downstream 
. : faces in 20 of the 27 monoliths. Even though occurrence of cracking was more re @ 
frequent and the cracks were more-extensive than in other dams built by the 


Corps of Engineers during the period, no cracking has occurred which 


4 On the basis of th these expe experiences . the ee: conclusions seem justified: 


is both possible and practical to prevent structurally significant 
temperature cracking in mass concrete dams. 

“4 b. = temperature control practices utilized by the Corps of Engineers 

3 ‘have been notably effective in 
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FIELD STUDY OF INTERIOR TEMPERATURES IN ‘CON RETE 


iM. ASCE 


are reported. Cement contents ranged from 2 to 4.75 sk/cu yd. names 
‘strengths ranged from 1600 to 4285 psi at 28 days. _ The mean “Coefficient of a 
‘maximum temperature increase” for the concrete was 11° F per sk of design — 7 


Data obtained on tester mass concrete in two 

_ types of concrete dams is reported, one a thin arch type structure, the = 


* massive gravity type structure . Cement contents of the concrete investi- | 
gated ranged from 2.0 to 4.75 sk/cu yd, and average compressive strengths - ag 
‘Fanged from 1610 to 4285 psi at 28 days. The ‘ “coefficient of maximum 


‘ficient being about 11° F/sk. 


INTRODUCTION 


The b buildup of heat in the interior r of massive concrete sections due to enn : 
_ of hydration of the cement has been the subject of extensive field and labo-_ ae 
ratory investigation since the construction of Hoover Dam in the late 1920’ 4 

) and the early 1930’s. The subsequent cooling of concrete structures having se 
elevated temperatures results in volume changes and subsequent 


Note: Discussion open until March 1960. To extend the closing one month, a 
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cracking if restraint to exists and if stresses by 


; volume changes exceed the tensile strength of the concrete. The property of | 
- plastic flow which is a physical characteristic that permits concrete to yield 
- upon application of external stress with absence of the development ofan 
equal resisting stress within the concrete eliminates much of the — a 
i a resulting from heating and cooling volume change. Some investi- | 
a - gators (1) consider that the effect of plastic flow increases from zero at the | 
3 rock foundation ; and old concrete foundation (concrete more than one month te 
; ae to unity ata distance of 0.5 H or 0.6 H above rock or old concrete where > 
 “H” is the height from the rock or concrete foundation to the ° top of the 
; Since the initiation of construction on Hoover Dam two basic methods have a 
and to control heat generation in massive concrete 
Control of the maximum temperature _ 
the concrete will attain in place by control of the initial of 
the concrete when placed, the use of the lowest practical | cement content, (2) 2) 
concrete with relatively long intervals of time between successive lifts. 
some cases combinations of both methods have been utilized. The “Con- “erry 
struction Slot” method for controlling the tightness of construction joints in he + 
past years, particularly for arch dams also afforded a means of reducing bates 
maximum temperatures attained by the concrete in place. This method con- “ih ; 
sisted of leaving narrow openings through the cross section of the « dam at the — : 
construction joints which were filled at a later time when the concrete had Er 
cooled and the principal contraction had occurred. The exposure of the con- = 
"fraction joint ends of each block of concrete to the outside air aided in the = 
dissipation of heat from the concrete during the construction period. The | 
a _ principal of grouting the construction joints in arch dam structures after cool- 
_ ing of the concrete has occurred is still utilized. However, the practice of —_ 
_ forming “Construction Slots” in the dams at the construction joints to be filled | 
- concrete or mortar at a later time has been largely discontinued. is Bae: 
In recent years, the second basic method of control described above has 
on utilized extensively.(3,4) Under this second method all or some of the oe 


(1) The initial ntial placed temperature of the concrete is reduced by utilizing 
_ cool ingredients, cool mixing water (sometimes refrigerated), chipped 
ice as a replacement for some of the mixing water, cool aggregates 
by means of sprinkling and cool 
(cooled sometimes by aeration; 
a - The lowest practical cement content (sometimes in conjunction | with a a 
The utilization of | a Type cement, a modified low heat and 
_ resistant cement, is universally practiced, _ and occasionally when the © 
extra cost is considered to be justified, Type IV, a special low heat cia 


@ Thin lift heights 5 f ft to 10 ft for usual sections and 2-1/2 to 5 ft for the 4 


et first two to four lifts off rock or off old concrete (more than o one month : 


5) Intervals of up to 120 hours (5 days) between successive lifts are util- 


= 


rise and reduce the heat potential 
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” of concrete in place before it tecoveres by additional 

i a The North Fork and Noxon Rapids Dams now being constructed in North- 
2 wee Oregon and Northwestern Montana, respectively, afforded an oppor = 
— tunity to obtain important field heat generation data for two different a of ay 
_ concrete structures. Noxon Rapids represents a massive gravity type a 

structure utilizing lean interior concrete and richer face concrete, 

_ North Fork represents a relatively thin arch type structure utilizing a richer 
’ face type concrete throughout the complete structure. . The heat generation in in my 
the concrete was controlled for both structures by the second method 
: scribed above, that of utilizing the coolest practical concrete with the use of ; 
cool ingredients, the use of a Type ll, ‘moderate low heat sulphate resistant 
_ cement, the limitation of lift height off foundation or « concrete more than one — = 


the use of relatively low cement contents. . At North Fork, flake ice was util- x 


ized to reduce the initial concrete temperature during severe hot weather. r. No 

Internal temperatures of the concrete in place were means of 


North Fork Hydro-electric Development is located on the 
"River about 30 miles Southeast of Portland, Oregon. The development is com 
_ prised of an arch dam 675 ft in length and 207 ft high above bed rock, a spill- 

way structure abuting the arch dam on the right bank of the river havinga3 

gate, 150 ft long overflow section, with a total capacity of 150,000 cfs, and 

powerhouse having iwo turbo- generating units having a generating capability | 
of 56,000 Kw. Also included in the development are fish passing facilities : 
1a and extending upstream from the spillway structure on the right bank ~~ 

and a fish ladder extending approximately 10, 000 ft downstream to just beyond sd 


- existing Cazadera dam. The principal sections of the arch dam (excluding — a 


~ sections around power renstocks, sluiceways, or at the roadway deck on the ~~ 

_ top of the dam) on which interior concrete temperatures were measured, range > 
from 32 ft wide at the base to 8 ft wide at the top. ladies i : 

The Noxon Rapids Hydro-electric Development is located in Northwestern — : 

On Montana on the Clark Fork river at the northern tip of the Bitterroot Range iq i 
7 ‘about equidistant between Missoula, Montana and Spokane, Washington. The 
Development is comprised of a combination concrete and earthfill dam 5854 ft 

in length, a powerhouse located directly d downstream having an ultimate rated a i} 
capacity of 500,000 Kw in five turbo generator units, 30 miles of State. highway, . 
” and county road relocation and 18 miles of railroad relocation. The dam con- a al 
; sists of a concrete gravity structure in | the center 1054 ft in length a and 260 ft — 
- high above bed rock flanked on each abutment by a total of 4800 lineal ft 1 
a earth embankment having a clay core. The concrete dam contains a 502 ft — per ; 
long i intake structure 138 ft wide at the base and 18.5 ft wide at the top, exclud 

; + the road deck, a 384 ft eight- -tainter g gate overflow section having a total the 
discharge capacity of 250,000 cfs, and two bulkhead structures, one on a 
end of the concrete dam, having lengths of 78 and 90 ft. | ‘The maximum width 


of the spillway structure at the base excluding the downstream apron: secti 


or 
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3 Repide dam and powerhouse are shown in n Figs. 4 and 5. caver 


The design compressive strength y: yield for the concrete 
mixtures from which temperature data was obtained are shown in the attached : 
_ Table 1 and Fig. 1. As shown in these displays the cement contents of the ory 
concrete at North Fork on which internal temperature observations were ‘made 
7 or from 4 to 4.75 sk/cu yd, the water cement ratios ranged from 0.47 to _ 
bi 0.52, and the average compressive strengths for these. mixtures ranged from 5 4 
3430 to 4285 p psi at 28 days and from 4920 to 5805 psi at 3 months. _ For Noxon 


need from 0.65 to 0.85. The face concrete had a cement content of 3.75 ie 
yd and a water cement ratio of 0.47. ‘The average compressive strength 


= averaged 4145 psi at 28 days, 5285 psi at 3 months, “a 5945 psi =. 4 
‘The minimum compressive strength specified for face concrete at Noxon 
_— was 3000 psi at 28 days and the ‘maximum specified water cement ratio. 
as was 0. 50. For mass interior concrete, a minimum compressive strength of 


' 1800 psi at 28 days and a a maximum net water cement ratio of 0.75 was speci- 
fied, and for lean fill concrete no minimum compressive ae was speci- 


” 4000 psi at 3 months, and for all other exposed concrete structures, it was. 
‘Initial proportions for laboratory design of the concrete mixtures utilized ve 
” North Fork and Noxon Rapids were based on ACI Standard 613-54. (8) a 
proportions were selected from a series of laboratory trial mixtures having 


varying aggregate prop proportions and cement at but constant water "cement 


WHICH HEAT GENERATION STUDIES WERE MADE AT THE 


Average Compressive Strength 
Cement Content] Ne Air at Age Indicated, nsi 
sk/eu | w/e _Joontent Range in [ues 


| 


var Explanation of Symbols: 1. Net w/e refers to the ratio of net mixing water to cement by weight in the. ies 


Air Content, %, is the total volume of the mix. BED 


. Numbers in parentheses above average strength indicate the total 
of test results included in the average. 
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"TEMPERATURE IN CONCRETE 


0. 


by 


Noxon Rapids, w/c 0.65 


Noxon w/e 0.72 


28 

nem l = Average Compressive Strength of Concrete Placed in North Fork and 
ee Carlson Type MA Resistance Thermometers Were Embedded 


re ratio, ope: air content and slump ranges. All cement t utilized in in ie ; 
and field produced concrete was Type II, low alkali. 


i An evaluation of the compressive strength yield of field produced concrete 
was | made based on ACI Standard 214-57.(9) The results of this is evaluation are 


given in Table 2. In summary this evaluation showed that the average com- 
peau strength for face concrete at Noxon Rapids was controlled such that _ 
_ about one (1) cylinder in 50 would yield a compressive strength of less than i 

3000 psi at 28 days, whereas, at North Fork, the average compressive strength 
_ of the concrete was controlled such that about one (1) cylinder in15 would 


in compressive strength yield for the exterior concrete utilized on the two _ 


_ yield a compressive strength of less than 3000 psi at 28 days. The = 
7 projects was due to the lower water cement ratio used at the Noxon Rapids: - 


Project where a higher durability requirement for resistance to the effect _ 


cycles of freezing and thawing and severe weather was deemed necessary. os 
s no factor, the 


Required Average Compressive Strength 
(fre) Based on ACI 214-57 ~ 
Deviation 
Compr | 


if 


A6-4.25 
A3—4.75 (1) 
(1) 


2 
ratio — 
ci- 
m © 
0 


average was s controlled each that one cylinder 
in five (5) would yield a compressive strength of less than 1800 psi at 28 days. 


Heat in Arch Dam Concrete, North Fork 


_ Because the base blocks ¢ of the arch dam at North Fork were constructed 


mum temperature attained by the concrete in place to 0 reduce or or —— 

contraction cracking when cooling occurred. 

_ To reduce the initial placed temperature of the concrete during warm 
- weather, the ingredients of the concrete (mixing water, cement and agere- 

: gates) were delivered from their sources to the batch plant as cool as possible 
_ without resorting to refrigeration equipment for cooling. The mixing water | mr 
tained from the river, was pumped through insulated lines to the batch plant. 

_ Cement which had been in storage the longer periods of time was delivered to 

the project by the cement vendor. Coarse aggregates were sprinkled in the 


piles and rinsed on the re-screen to obtain | cooling by evaporation te 


. te weather flake ice in quantities of from 35 to 70 lb per cubic yard of rare 
_ concrete were added to concrete batches to accomplish an additional reduction 
. in the initial concrete temperature. | Moist « curing by water spray | was utilized 
throughout the entire construction period, and heat dissipation from the _ : 


placement was i increased in hot | the loosening an 


pers curs low cement contents, with due consideration for required strength _ 


oe and durability, were utilized to reduce the the total heat generated by the concrete 
in place. The cement ‘contents, as given  previonsly in this r report, , varied fr $ 


To aid in the planning for control of concrete temperatures, fifteen 
Type MA Carlson resistance thermometers were embedded in the interior of z 


fifteen ears —_ of concrete placed in the arch dam at North Fork during © 


A= HEAT ¢ GENERATION IN 10 FT L 


D on g Ph: 
10 Pt Lift, 50 Ft Wide; Sec 10 Ft Lift, 50 Ft Wide; Ft Lift, 
 |Less than 20 Ft thick; | Sec more than 20 Ft Thick; | Sec more than 20 Ft Thick; aa 
Placed b-5 Pall: 4 to 4.5 Placed in Fall; 4 sk/ cu yd] Placed in Summer; 4.25 to 


Therm - 4B, 5B 


oo 
Pw 


33282) 


00.2 
6 116.5 
00.903. 


= 
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Temrerature 
[Range OF 


es: * 1. During day of placement “of 
‘ wna. Total potential exposed surface is summation of areas, (1) upstream and downstream face 
ends, and (3) top construction joints, For Comnlete see Table 
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"initial periods of heavy placement. Temperature observations obtained from 


- twelve of these thermometers are summarized in Tables 3A and B and Fig. 2 
of the Appendix. The other three thermometers failed to yield useful data a: 
to instrumentation errors and loss of access after installation. = © a 
.. the twelve thermometers yielding significant data, eight thermometers an 
were embedded in 10 ft high concrete lifts and four were embedded in 5 ft high : 
lifts. Eight thermometers were embedded in concrete sections having a thick- — 
_ ness of more than 20 ft but less than 35 ft, and four were | embedded in prema 
having a thickness of from 15 to 20 ft. Five of the thermometers were em- aan 
_ bedded in lifts placed in summer months; six were embedded in lifts placed in» 
: the fall; and one was embedded in a lift placed in the winter. All of -- ae 
: concrete placed in the sections of the arch dam which were observed for im 
ternal temperature change by resistance thermometers a | compressive 


TABLE 3B FT LIFTS DETERMINED 


Heat Generation in the Interior of Concrete Having Physical 
5 Ft Laft, 50 Ft Wide; 
‘Time After more than 20 Ft |Sec less than 20 Ft 


"Placement thick; Placed in Sumer; thick; Placed in Minter; 


of ‘Max Te Temp 
Exposed During | (56.5% Mean (66. 0% Mean) 


* During dav of placement of concrete. 
2, Total votential | exposed surface is summation of areas, 
(1) upstream and downstream faces; (2) ‘two ends, and 
(3) top horizontal construction joints, ‘i For Complete 
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October, 


; the. lifts such that their distance from the exposed end or ends of the na 
ranged from 22.5 to 25 ft, their distance. from the upstream or downstream 

oon ranged from 8 to 17.5 ft, and their distance from the top of the enpeeed. 

oa construction joint was 5 ft for 10 ft lift heights and 2- 1/2 ft for 5 ft lift as 


heights. : On the basis that internal heat generated in the concrete lifts ob- ‘died 
"served could be dissipated from ends, sides, and the top exposed construction | 
joints, the percentage > of the total area of these surfaces not - covered and Poh: 
therefore exposed for heat dissipation during the observation period ranged | 
from 19 to 100 per cent. The maximum exposure of surfaces for heat dissi- _ 

_ pation usually occurred at about 2 days 3 after placement of the camasete when — 
; the forms were stripped and the top construction joints we: were exposed. The 
oy duration of this maximum exposure for lifts observed at North Fork ranged at 
from 1 to 42 days, the e usual period being less than 5 days. The minimum ex-— 
posure of surfaces from which heat could be ‘dissipated occurred when ad- 
‘. ditional lifts had been placed over and against those aang observed such that | 
only the upstream and downstream faces were exposed. time at which 


minimum exposure : occurred in the lifts observed at North Fork ranged from — 
5 to 72 days after placement of concrete in the lift, and the time extended for 
the remainder of the observation period. A complete tabulation of exposure 

conditions for the concrete lifts on which internal temperatures ' were observed 


ods The highest recorded it internal temperature , attained ina specific cific lift ftof 
“concrete in the arch dam at North Fork was 125° F. This lift was 10 feet high, 
+23 feet thick, and it was placed at an initial temperature of 72° Finthe 
summer months. The concrete had a cement content of 4.25 5 sk/cu yd. 
= recorded m maximum internal temperature attained in a specific lift of 
concrete was 101° F. This lift was 5 feet high, 18 feet ae, and it was — 
at an initial | temperature of 52° F in the winter months. — The concrete in aod 
lift had a cement content of 4.75 sk/cu yd. 
The total temperature rise in the concrete of the arch dam resulting from 


internal heat generation of of lift height, cement 


to &.5 sk/eu yd; Therm 1A, 28, (Ave). 


®@ = 10 ft lift; more than 20 ft but less than 35 ft thick; ; placed in fall; yee e 
sk/eu yd; Therm 3A, SB (Ave), 


@ - - 10 ft lift; more than 20 ft but less than 35 ft thick; a in Dee. de 
to 4.50 sk/eu yd; Therm 7A, 9A (Ave), 


- 5 ft lift; more than 20 ft but less than 35 ft thick; pieced’ 3 in sumer; < 


Conerete Temp 


40 
2 Heat Generation in as Observed by Means of Carlson Type MA 
Thermometers in North Fork Hydro-Electrie 
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prenennen based on data obtained from the embedded r resistance thermometers, 
ranged from 29.2 to 60.5° F. When this range of maximum ‘internal ell 
ture development is analyzed on the basis of the design cement content of the © 
concrete placed, the temperature increase range can be reduced to “Coef- pro 
ficients” ranging from 6.9 to 12.9° F rise/sk of cement. os rien: 
_ As can be noted in Tables 3A and B and Fig. 2, no significant difference in . 
the order of total increase of internal temperature was noted between 10 foot - ok 
‘high lifts having cross-sections of more than 20 feet thick and those less than — 

20 feet thick (but more than 15 ft thick). The 10 ft lifts placed in the summer fi 
showed a maximum increase in temperature of about 5 to 10° more than 
comparable 10 ft lifts placed in the fall. _ The total increase in temperature oo 
for all 10 ft lifts observed ranged from 41.5 to 60.5° F, and the “Coefficient of — ; 
-Maximum Temperature Increase” ranged from 10.1 to 14. 2° F rise per sk of ‘a 

3 cement. Sections having 5 ft lift heights had total temperature increases which 
"were in the order of 10° F less, and “Coefficient” in the order of 1.5 to 3° F/sk 


‘The temperature generaticn and dissipation cycle for lie arch dam So 
was relatively rapid. For the blocks observed with the twelve test thermome a 

ters approximately 80 - 90 per cent of the maximum internal temperature was ss 
attained in 48 hr (2 da), and 91 to 99 per cent in 120 hr (5 da). fa blocks had J 


attained their maximum by 30 days after placement. 


and in all blocks by 30 days after placement. ~ In addition a stabilized tempera- 
ture near the mean annual temperature sand this was attained ina 


is significant to note that the initial temperature \ of the concrete placed i 
North Fork more nearly approached that of the mean air temperature. The a 
_ exception to this trend was shown for concrete placed in winter weather when = 
an effort to use cool ingredients was not made. a 
4A As a field guide for future projects having concrete ‘sections of sizes pers) 7 
; comparable with those of the arch dam at North Fork (5 to 10 ft lift hate ~' 


and t no ) cooling coils, a satisfactory m mean coefficient for estimating the order 

of maximum internal temperature increase to be expected for the concrete in 
place appears to be about 10.5° F/sk of cement. For example it would be - of 
pected that 2 sk/cu yd concrete would increase in temperature in 2 in nthe : 


games and dissipation has appeared to date. in 1 the sections in which r re- * 
-_ Sistance thermometers were embedded at North Fork. One lift in the main ; 


one vertical and horizontal crack at : a a time when the internal temperature of 

_ the concrete was apparently approaching the mean annual temperature for the 
_Fegion, and some cracking has occurred i in curb and roadway sections at t the — =. 

op of the dam. There appears to be no relationship between the cracking in 
"the road deck slabs and curbs and heat generation and dissipation. However, 
fort the one lift of the > arch dam cited above which has exhibited cracking, pe 
there appears to be reasonable indication that the cracking w: was due to ex- 
“cessive tensile stresses resulting from excessive heat generation and dissi- 
‘This lift) which was 10 and 23 ft 


| 
tion \ 
si- 
hen 
ex- 
3 
om 
re 
erved 
high, 
he 
of 
aced 
is 
= 
- 
— 


size, initial temperature F) characteristics but exhibiting n 
26 emit after attaining a maximum internal temperature measured by a oe 

order of 0.20 H above rock foundation, whereas, the one which did not exhibit 
ee was in the order of 0.5 H above rock foundation. It can be illustrated 
y = tensile cracking could occur in this lift. In this illustration | a | compressive 


a 10 per cent of the compressive strength (or 500 psi), a modulus of elasticity 
of 5 x 106, a coefficient of expansion and contraction(10) of 5.5 x 10-6, a maxi- 
mum temperature differential of 70° F (to cool from 125 to 55° F, the mnen nits: 
- annual temperature for the region) are used. Then utilizing the simple formu- 
la S = Ee, where “S” is the tensile stress to which the concrete is subjected — 
in psi, “E” is the sontuins of elasticity of the concrete in psi and “e” is the a 
4 strain to which the concrete is subjected in in/in, the tensile stress to which © 
_ the concrete in this lift could be subjected, neglecting the effect of plastic flow 
_ and assuming full restraint, would be in the order of 1925 psi. if plastic flow 
_ were accounted for by reducing the restraint effect from 100 per cent at the ‘i 


base of the dam to zero per cent at 0.5 H above the base as has been practiced 


- izing a a working modulus of elasticity of 33 = 106) would be in ‘the order of 1100 
psi. Both of the above assumptions would indicate tensile stresses to which _ 
hoc’ the lift showing cracking could have been subjected that would exceed the Mm é 

tensile strength of the concrete. The other lift to which it was compared hav- 

ing equally high temperature differentials would not have been subjected to et 
Me these high stresses, if it is assumed that the effect of plastic flow oonpuameeatia 

_ to 100 per cent and the restraint effect to zero at 0.5 H above the base. > 

} ha ‘It is felt that the relatively rapid cycle of heat generation and dissipation — 


accompanied by the development of high compressive strength in the concrete 

: - at a relatively early age (28 days) were important factors in the reduction of | 
4 . the tendency for cracking at North Fork. This rapid cycle of heat generation 
‘ a dissipation would permit plastic flow to occur while the concrete was rela~ 
i tively young and elastic thereby permitting the application of temperature a 


- sisting tensile stresses. In addition the relatively high strength of the concrete 


at an early age would tend to assure the existence of adequate potential resist- 


Heat Generation in Spillway and Intake Rapids 
-— Bighteen Carlson Type MA, resistance thermometers were embedded in the 
- interior of massive lifts of concrete in 1 the spillway and intake dam at Noxon | = 
_ Rapids to determine the Sagres of heat generation developed under varying 
_ conditions of mass, weather, class of concrete (cement and 
between specific parts of the mass being observed. 


Ae a _ To reduce the initial placed temperature of the concrete during warm 


Py. ‘ing media hear Mixing and curing water was obtained from a 
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reduce the maximum generated by the concrete in 
place during warm weather, specification and Gonign requirements enumerated 


a) ) Thin lift heights of 5 feet were uti utilized as the ‘pene lift height in p 
pars: pw _ massive structures throughout the construction period to aid in th a: ib 
of internal heat. In addition the first two lifts: off most foun- 
dation rock and off specific lifts of old concrete were | placed in 2-1/2 ft NY 
thick courses. These 2-1/2 ft lifts served to reduce maximum heat Lapin 
= generation and subsequent stress concentration in locations of high re 
straint at rock foundation and at older concrete masses. rae 
7 ) The time between successive lifts of concrete was extended to as long ie = 
* as 96 hours to permit a period of time for heat | dissipation from each — _— 
aa lift of concrete before it was covered by additional insulating lifts of — | 


(3) Continuous water spray and ponding was on the horizontal con- 


compound was utilized on vertical surfaces heat reflecting 

Oe oo Lean interior concrete having ‘cement contents as low as 2.25 and 2.00 

a = yd, and face concrete having a relatively low cement content a 

= The results of temperature observations obtained from the eighteen = 
thermometers embedded in the concrete at Noxon are shown in Tables 4A, me 


ses Cc, and D and in Figs. 3A, B, C, and D. Sixteen of the thermometers were em- 

‘a bedded in the interior mass concrete, and two were embedded in the exterior - 
 § face concrete, one thermometer being situated within 5 feet of the outside — 

surface and the other within 2.5 feet. Ten of the thermometers v were placed 


during summer weather, and four more were placed during fall weather. Two 
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lift and class of concrete being observed. Thirteen of the thermometers were 
embedded at mid- -depth in the 5 ft lifts and five of the thermometers were em~- 
_ bedded at the rock-concrete contact plane at the bottom of two 5 ft lifts. The — 
distances of the thermometers from the upstream and downstream faces aie = 
ranged from 2- 1/2 to 5 ft for those embedded in Class A (face) concrete and 
from 32, to 60 ft for those embedded in the Class B (interior) concrete. The — 
_ distances of the thermometers from the side vertical construction joints le 
the blocks ranged from 24 to 38 ft. Maximum exposure of concrete surfaces" 
from which heat could be dissipated in lifts observed at Noxon occurred at his: 
to 3 days after placement when all forms were stripped and the duration of 
_ the exposure extended over a period ranging from 1 to 134 days, the usual 
: period being from 1 to 3 days. Minimum exposure of surfaces permitting heat 
_ dissipation occurred at from 10 to 355 days after placement of the lift oe 
‘i observed when additional placed lifts contained all but upstream and down- — 
s stream face concrete. A The percentage of the total ‘potential concrete surface 
J area from which heat could be dissipated from the class of concrete being ob- 
“4 served throughout the entire observation ) periods ranged from a maximum of © 
100 per cent to a minimum of 3 per cent. Tabulations of surface exposure we 
conditions for all lifts on which interior were observed at Noxon 
to ed The highest recorded internal temperature attained ina a specific lift Juda : 
concrete at Noxon was 102. 5° F. This temperature 1 was attained in the | up- 
stream 10 ft thick section of face concrete having a cement content of 3.75 sk/ 
cu cu yd. The concrete was placed during summer weather at an initial tempera- 
ture of 61° F. The lowest recorded maximum internal temperature attained» 
a in specific lift of concrete was 82.7° F. This temperature was attained in oe! 
_ downstream 5 ft thick face section of concrete, and the recording thermometer 
Was placed in the center of the section at a distance of 2.5 feet from the face 
_ The concrete in this section had a coment content of 3.75 sk/cu yd and was 2 


4 IN MASS CONCRETE PLACED _IN LIFTS UNDER | vaRYIN6 OF oF CEMENT CONTENT) AS 
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teat Generation in the Interior of Conerete Lifts Having Physical Characteristics Indicated, © 


TEMPERATURE IN 
placed sila summer weather at an initial temperature of 61° Fr. Other low | 
internal temperatures ; averaging near 85° were attained in lifts of lean fill — 
concrete used to fill a deep hole under the intake. This concrete had a cement 


initial temperature of about 61° F. The total temperature | rise in the mass oo 
concrete at Noxon resulting from internal heat generation regardless nl 

section size, weather conditions, cement content, or surface exposure con- 
ditions, ranged from 20.5 to 41.5° F. When this temperature development is x 
analyzed on the basis of design cement content of the concrete placed, . ee a ‘4 
“coefficient” for maximum n temperature ri rise at Noxon then becomes: 1. 5 to 4 “a 
15.3° F rise/sk ¢ of cement. a 

In Table 4A and Fig. 3A the ‘effect of the mass of the section upon ‘interior 
heat generation is shown. The thermometer embedded in ' the concrete at pe 
distance of 5 ft from the face registered a temperature increase of nearly 
twice as much as a thermometer embedded under similar conditions in the | 
same lift and in concrete having the same cement content but embedded at a 
‘distance of 2.5 ft from the face. A third thermometer embedded in the interior = 
of the same block in lean concrete registered nearly as great an increase in 
temperature as as the thermometer in the richer face concrete 5 ft from the 


face anda greater increase than the thermometer in the richer face concrete 


‘The effect of class of concrete or cement content is | shown in Table 4B and = 
in Fig. 3B. In this comparison, it: is shown that for Noxon, the maximum in- ae 
terior temperature rise for different classes of concrete placed under similar 
conditions ; increased directly with the cement content of the mix, ranging from De 
an increase of 24.6° F for the 2.0 sk/cu yd mix, to 35.3° F for the 2.5 sk/cu  .. | 
mix, to 41.5° F for the 3.75 sk/eu yd mix, 
‘The effect of weather conditions during placement of the concrete on | the j 7 
total temperature rise of the concrete is shown in Table 4C and Fig. 3C. This” 2 
Cone shows that for similar conditions of mass and cement content at 


Placed in Spring; 


2.5 sk/eu yd; 3.75 sk/eu yd 
(50-70) x 70 Ft 75 Pt Se 


See; Th ‘Th No T18 
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nd (3) top horizontal constru on joints, For Complete Summary see Tab 
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1959 
Noxon, concrete placed in ‘summer and spring in temperature a 
‘ ‘Significant degree more (in the order of 5 to 15° F) than concrete placed in 
fall. Ine comparing a series of similar lifts of concrete placed in 
_ summer and fall, one series in which the temperature increase of 2.5 sk/cu — 
_ yd interior concrete was observed and the other in which the temperature in- ie 
crease of ; of 3.75 sk/cu yd interior was observed, it is significant to note that 
the lean concrete placed in the summer showed a greater increase than that 
_ of the richer concrete placed in the fall. In this case the effect of weather on 
interior increase concrete was than wan 


to d 
comparable conditions of cement and: mass, two successive 


a, lifts of concrete will attain the same approximate internal temperature within had 
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a of about two weeks after p of the second lift. This compari 
son only serves to show the effect of one section of mass upon another in 

tact with it, the masses having a relatively large difference in internal _ 
temperature initially, but both attaining relatively the same temperature a 

short time after contact and maintaining this close relationship in tempera- i. _ 


| ture for the remainder of the observation period. 


‘The cycle of maximum heat generation and dissipation in the concrete mei 

_ Noxon was similar but somewhat slower than that of North Fork. From about 

75 to 100 per cent of the maximum temperature had been attained in48 hr 

(2 days) and from about 85 to 100 per cent had been attained in 120 hr (5 days) 
after placement. The maximum temperature had been attained and had begun 

to decrease in most lifts by 20 to 30 days after placement and had begun to — , 

| The weather and size of section 

had a significant effect upon ‘the time in which a reduction in maximum a 
temperature began. Interior concrete placed in the summer and spring bad 
attained its maximum temperature and begun to « cool in a period of 1 1 to 3 Be eNts. 
months after placement. 
cated near the outside face (2.5 to 5 ft from the surface) had attained its maxi- _ 
mum | temperature and started to cool within | one to weeks after placement. mee 
The only mass concrete at Noxon which had observed interior temperatures 1] a 
‘near or at the mean annual temperature for the region (45° F) within a period _ 
of 9 months after placement was that located ans the 5 ft face section described — : 
It is significant to note that the initial placed concrete temperature « at Noxon 
nearly approached that of the mixing water used. 

aa As a guide for future projects having concrete sections comparable with 
those at Noxon (lean interior sections 5 ft high and in the order of 35-50 x aa 


) 75-125 in cross section and richer face sections 5 feet high, 5and10 feet 


thick: and in the order of 35 to 50 feet wide) it a appears that the following table — 

of coefficients could be utilized for estimating the maximum internal tempera- 

ture increase to be ex — d field diti ect i 
r un varying ield conditions: > 


= 64 SYMBOL KEY ( - Downstream face section, 5 ft thick x 5 ft high x 50 ft wide; placed in y 
sumer; 3.75 sk/cu yd; Therm 2.5 ft from outside face; Therm No Tli. 

ss - oak’ (= - Upstream face section, 10 ft thick x 5 ft high x 50 ft wide; placed in 
By summer; 3.75 sk/cu yd; Therm 5 ft from outside face; Therm No Tl2. pe 
~~. - Interior mass section 70 ft thick x 5 ft high x 50 ft wide; sites" in ant 

ates cp summer; 2.5 sk/cu yd; Therm 35 ft from face; Therm No T13. 


2L,0 
‘Figure BA - «fins Generation in Mass Concrete Placed in 5 Ft Lifts under Varying Conditions of i as 
Observed by Means of Carlson Type MA Resistance The ermometers, Noxon on Rapids A ic 
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The comparison would have for those projects utilizing Type II 
"cements and utilizing no embedded cooling coils as was the case at Noxon. ho 
‘The mean coefficient for maximum internal temperature increase 
concrete at Noxon regardless of size of section, weather | conditions during — 
placement, and cement content was 11.4° F/sk. 
_ Cracking which could have been attributable to heat generation and subse- 
7 quent cooling ‘occurred at Noxon principally in lean interior massive sections | 
. g the spillway and intake dam having compressive strengths in the order of y 
2000 psi at 28 days and located at a height of about 0.3H above the rock foun-— 
dation. . The concrete exhibiting this cracking had initial temperatures ranging 
tem 55-70° F and was placed in late spring and summer weather. ‘The par- 
sections showing cracking unfortunately had no resistance thermome-_ 
‘ters embedded within them. However, based on the results ‘shown in Tables 9 
4A through D and Figs. 3A through D, this concrete which contained cement . 
contents of 2.5 sk/cu yd in the interior and 3.73 sk/cu yd in the face, would © 
have been expected to have attained estimated internal temperatures ranging | 
from about 9C-105° F in the interior mass sections, from about 75-90° Fin 
the downstream face sections and from 95-110° F in the upstream face | packs 
- sections. It can be illustrated how cracking could occur in the concrete at vs 


these temperature differentials. For the lean concrete using a potential 1 re- 


: sisting tensile stress of 10 per cent for a compressive strength of 2000 psi at j 
_ the time of cracking (or 200 psi) | a modulus of elasticity of 2x 106 psi, a coef- 
{5.5x 10-6 in/in p per degree F, 
a maximum temperature reduction of 50° F using the formula S = Ee, and us- 
ing 100 per cent restraint to movement or no plastic flow, the applied stress 
A would equal about 690 psi and would exceed the internal 1 resisting stress. _ As- 
"suming that plastic flow at 0.30 H above the base would reduce the restraint | 
_ to 40 per cent and utilizing a working modulus of elasticity | of 0.8 x 106 the  ap- 
>: stress could have been in the order of 220 psi, and the possibility of 
cracking would still exist. By using a maximum temperature reduction of 2 i 
; ‘55° F for the upstream face sections, a i compressive | strength of 5000 psi, a a 
. tensile strength of 500 psi, a working modulus of elasticity of 2 x 106, the a ap- 
_ plied stress would have been in the order of 600 psi, and the possibility for 
cracking in the face concrete would also exist. ‘The face 


@ - Class A, 3.75 sk/eu ya; section 10 ft thick x 5 ft x 50 
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Class B, 2.5 sk/cu yd; section 70 ft thick x 5 ft high x 50 ft ite 
4 wide; placed in summer; Therm Nos T9, 10, 11 
as 
Figure: 3B - Heat Generation in Mass Concrete itions of Class 


‘Comparison of Heat Generation, North F Fork and Noxon 


y The sections observed by of at 


‘North Fork were all relatively thin, the blocks being about 50 feet wide ie 
dam axis) and varying from about 15 to (35 feet thick to 5 to 10 feet t high. In ‘set 
terior mass sections at Noxon were all ‘relatively large varying from about _ 
50 to 75 feet wide (along dam axis) to 25 to 140 feet thick to 5 feet high. Face 
sections at Noxon were thin ranging from about 50 feet wide (along di dam axis) ae 
to 5 to 10 feet thick to 5 feet high. The concrete in the North Fork arch dam > 
was all of relatively high cement content, ae from 4 to 4.75 sk/cu yd, — 
a relatively high cement content 


concrete at the face (of 3.75 sk/cu yd) and lean concrete in the interior mass 


 tItis significant to note that even though the maximum temperature gener- eo 
- ation in the concrete at North Fork was greater than that at Noxon, (North = 
"Fork having 2 a temperature increase range of about 30 to 60° F and Noxon, 20 
to 40° F) the “Coefficient of Maximum Temperature Increase” based on | the 
“design cement content of the concrete were comparable, North Fork’s coef- 


ficient ranging from 6.1 to 14.2° F/sk (Mean 10.5) and Noxon’ s ranging from 


aa comparing the temperature generation trends « of North Fork and Noxon - 

ty size of section, a significant increase in temperature generation was shown 

_ at Noxon in the 10 ft thick face section as compared with the 5 ft face section, 

- and at North Fork in the 10 ft lift height as compared with the 5 ft lift height. ae 

In sections larger than 10 ft in section thickness no significant difference in 

5. temperature generation potential was noted with additional increase in size o 

a The same trend for internal temperature to increase more in those sections 
_ placed in the spring and summer as compared with those placed in the fall and 

_ The period of time required for the maximum internal temperature to ~<a 


—Placed in summer; 2.5 sk/eu yd; sections 50 ft thick x 5% high 
_ -& 70 ft wide; Therm Nos T9, 10, 11, 13 (Ave), 
— Placed in spring; 2.5 sk/eu yd; sections 70 ft thick x 5 
50-80 ft wide; Therm Nos Tl, 2,3, 4 (Ave), 
— —Placed in fall; 3.75 sk/cu yd; sections 25 ft thick x 5 ft high — 
75 ft wide; Therm No T18. 
—Placed in fall; 2.5 sk/eu yd; sections (40-50 ft thick 5 ft 
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both projects but somewhat slower for Noxon. . The time required for the 
terior concrete temperatures to approach the mean annual temperature of the 
We region was significantly longer for Noxon. The percentage of surface area — 


‘ available to dissipate internal heat throughout the observation period | was sig- 


Jonge: r for lifts observed at North Fork than for those observed : at Noxon. | ‘This ; 


condition coupled with the large difference in massiveness of sections ob- is 
;. served on the two projects undoubtedly accounted for the slower dissipation of 
internal heat at Noxon. A significant proportion of the maximum internal cH er 
temperature of the blocks on both projects was attained in a period of 48 hrs © 
>= placement (75 to 100%). This trend for early maximum heat generation | 
coupled with the tendency for the internal temperature. of any specific block to 

attain an equilibrium temperature with other blocks in contact with it (above 
or below) show the benefit to be derived from permitting the longest practical 


interval « of time between successive lifts of concrete. By permitting a period 


s time for heat generation and dissipation to occur between successive ne 


of concrete, the heat generation potential of each lift is reduced before the a 


a... The effect for an increase of cement content to result in an increase in the q 
total internal temperature in the concrete was shown on t both 
_ Whereas, the initial temperature of the concrete at the time of placing com- 
_ pared more closely with that of the current mean air temperature « of — 

a. Fork, it compared more closely to the mixing water temperature at Nomen. 4 
The trend for the initial concrete temperature to follow the trend of both at 
mean | air temperature and the mixing water temperature | (in the absence os iy 
utilization of artificial means to lower the initial temperature of the co 
however, similar on both projects, 
we The effect of compressive strength upon the cracking tendency of concrete a4 
_ with volume change is not definitely defined by this data, but it does seem to 
- indicate a trend. It is significant to note that cracking at Noxon occurred © a: 
principally in lean interior massive sections having ultimate compressive , 
strengths in the order of 2000 to 3000 psi when the maximum internal sonnneeed 


ture cycle of increase and decrease was in the order of 20 to 40° F. | However, 


a 


WBOL KEY ® - Lift Elev 2235-2240; Interior mass section 55 ft thick x 5 ft high 
wide; 2.5 sk/cu yd; placed in spring; Therm No T3. 
ie ® - Lift Elev 2240-2245; Interior mass section 50 ft thick x 5 ft nie mane) 
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Figure 3D - Heat Generation in Mass Concrete in Two Successive 5 Ft Lifts | as by 


Type MA Resistance Thermometers - Noxon Rapids Hydro-Electric Development 
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TEMPERATURE IN CONCRETE 
‘significantly less cracking was noted at North Fork and ‘Noxon in the richer 3 
_when the maximum internal temperature cycle of increase and decrease eek 
as high as 40 to 70° F. _ Regardless of this apparent trend, it does not appear 
pe to absolutely control cracking in massive structures by the control _ 
» of strength alone without the use of artificial methods of cooling the concrete | 
either during t the > mixing a and placing stage or afterward when | the concrete is = 
ing place by cooling coils or by combinations of both methods. The basic fact 
| which defeats any attempt to control cracking by controlling strength alone is 
“that a as the ‘Strength | requirement increases, the cement requirement also in- 
creases and as the cement content ine: reases, the total heat generation and c 
thus the cracking tendency increases. Additional data other than that obtained 
in this investigation are required to definitely establish the ee of this inter- 
relationship of strength—heat generation and cracking tendency. _ ERs 
‘That it is necessary to utilize methods and equipment to positively prevent y 
all cracking resulting from heat generation and dissipation volume change — 
Pantages in interior : sections is not within the | scope of this paper. How- — 


Project Desig n ‘su 


Portland General Electric Company. of Portland, ‘Oregon and the Noxon Rapids 
Hydro-electric Development is being constructed for the Washington Water ss 
Power Company of Spokane, Washington. General O. E. Walsh, USA (Ret) 
President in of Engineering for the Portland General Electric 
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Engineer: North Fork, and R. A. "Sutherland i is the Project 
Design Engineer for Noxon Rapids. F. C. Schlemmer is Construction Manager 
for both projects. F. L, . Weiss is s the Project Manager for Noxon Rapids, and © 
ne Roger P. Q’ Reilly was the ‘Construction Superintendent for North Fork. a The — 
author organized and supervised the concrete inspection and control programs w 


e aut is ‘indebted to Mr. K. Fairbanks, Civil 


i for Ebasco Services Incorporated, for constructive criticism and suggestions | 
on first drafts of this report, aiding in its preparation for final 
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TRANSMISSION TOWERS WITH — 


Albert G. Masters! a 


Demand for power ‘makes it necessary for The Illuminating 
- ‘build additional lines and also to reconductor existing lines with larger wires. 
Towers on existing lines are increased in height by adding an extension to the 
_ bottom by this method to maintain code ground clearance under i a and 


The increasing demand for power makes it necessary for The Biuminatiog 
to build additional lines and also to increase of existing 
_ When the decision has been made to reconductor an existing line, some of waa 


" the towers must be increased in height to maintain code ground clearances ogi 


‘There a1 are » several methods in use for | raising towers. None of them a are 
_ simple and all are expensive. In most cases the lines must be de- energized 
the work done on week ends with ‘Special mobile-rented equipment. 
The ‘method recently developed by The Illuminating Company and presently 
used for tower extension work will be discussed. It was found to be most ier 
successful. Manhours run about 250 per tower extension and will decrease as 
the « crews become more experienced. All material is completely re- -useable 
and standard line trucks and equipment are used. Lines remain energized un- 


critical scheduling. Asa precaution towers are not raised the 
_ wind exceeds 15 miles per hour normal to the pra aaa 


‘ Note: _ Discussion open until March 1, 1959, To bas the closing date one asia a 
- written request must be filed with the Executive Secretary, ASCE. - Paper 2208 is 
_ part of the copyrighted Journal of the Power Division, Proceedings of the ae : 


2. Senior Engr., Cleveland Electric Co. , Cleveland, Ohio. 
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Description of Towers 


transmission towers are part of The Illuminating Company’ 132 KV 
_ transmission system; see Figs. 1 and 2. They are of the double circuit varie- 
ty, with the bottom crossarm from fifty to eighty feet above grade. _ The cross-} 


arms are spaced thirteen feet apart and the ground ¥ wire attachment is six or 


eleven feet above the top crossarm. . These towers vary in over-all height | 


from ninety to one-hundred and fifteen feet. They are five and one- -half feet 
square at the top and the bases vary from fifteen and one-half feet to twenty _ 
feet ange at the ground line, 
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angles for the main tower legs, horizontal struts, and ‘diagonal ———,:-, 
In all cases the stub angle projects above grade sufficiently for splicing to the ae 
The maximum weight of tower, conductors, and extension steel is estimated _ 
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the various base dimensions of the towers. One end of each temporary strut di 
aa has a two and one-half inch diameter hole to engage the hook of the Hoisting — 
: fe Rig snatch block. . This provides a lifting point at each corner of the tower Pp" 

: a A roller guide outrigger, Fig. 4, is then attached to the temporary hori- ot 

zontal struts at each corner. These outriggers extend out and away from the 

tower at an angle « of forty- -five degrees to the face of the tower. ‘S 

_ These roller guide outriggers were designed to act merely as a means of 

~ gently engaging the main pipe columns of the e Hoisting Rig. Any deflection or 

- distortion of an outrigger indicates that the ra raising of the tower is not pro- 

_ ceeding in a smooth, steady, and level manner. Excessive deflection or dis- 

tortion at one guide | would cause an opposite guide to become disengaged and : 


would result in an unbalanced loading on various p: parts of the 


Daesviption and Erection of Hoisting Rig 
_ The ground is leveled at each corner rel the tower and the four bases for th the 
ain s columns of the Hoisting Rig are placed in position, Fig. 5. The base 
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TRANSMISSION TOWER Ss =i, 


of 2- 12 inch steel channels welded together tc to form a a cross. 
flanges of the channels toe up to produce af flat, smooth bearing su surface. At 
the intersection of these two channels, a twelve inch length « of five inch diame- 
ter pipe was welded to stand in a vertical position. The bases were designed 
to keep soil bearing pressures below 1,000 pounds per square foot. — Pies — 
eg ‘Twenty foot high, six-inch pipe ‘columns are then placed in position ov ver 7 
the five-inch pipes on the bases. The columns are turned to such a position 7 
that will cause a continuous quarter inch plate, which is welded to the pipe oat 
columns, to engage the roller end of the roller guide outriggers previously | 
attached to the tower. The columns are then tied together, at the top and a 
bottom, , by four-inch pipe struts. These struts are Spliced at at their | center 
such a a manner as to make them adjustable to fit a any spacing g of columns; see 
in is no internal bracing between columns and ‘Struts, but the tops of 

the columns are held in place by two anchor guys ‘at each column. _ The guys 
are three-eighths inch wire rope and the anchors are the screw type earth © 
anchors with a three-quarter inch. diameter rod. The guys extend down 


plane through the center line of the ae, 
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Ten-inch wire are mounted on the tops of the columns. The 
sheaves are mounted vertically on a one- -half inch horizontal plate which is R 
\ oe welded to one end of a twelve- inch length of five-inch 5 pipe. The five-inch pipe 
is inserted into the -inch pipe columns, thus the sheave has 


“eS Snatch Blocks, Fig. ne each with a ten-inch sheave and swivel hook, are — 
then installed, one at the end of each temporary horizontal strut that was pre- 
_ viously attached to the tower and one to each pipe co column near the base. Five 
- eighths- -inch wire rope is then fastened near the top of each pipe ye column and 
_ threaded through the snatch blocks at the ends of the horizontal struts, , over 
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the sheaves at the the top of the pipe columns and down through the snatch blocks 
near the bottom of the pipe columns. ‘oat bes 

_ The five-eighths-inch wire ropes from the two pipe columns on one side of ae 
the tower are connected together to form a yoke; Fig. 8. Athird wire rope i 
from a winch mounted on the front end of a standard line truck is connected to 
the yoke by means of a snatch block to permit equalizing of line tensions. . The e 
wire ropes from the other two pipe columns are similarly attached to the — 
| winch mounted on another line truck. These line trucks are generally located A 
ee on opposite sides of the tower and on the center line of the transmission line. __ ‘ 
= Manila rope lines, Fig. 9, are attached to the two faces of the tower that 

are parallel to the Transmission Line at a point just below the bottom cross- 
arm. These lines extend down at an angle of about forty-five degrees to grade 2 
where they are gently snubbed on some convenient anchorage. Their purpose aa 

is to control tilting of the tower in a direction at right angles to the trans- pm 
mission line. The conductors themselves control tilting in the direction of the Pa 

Operation of Hoisting Rig and of Extension 

‘The wire rope lines to the truck mounted winches are now made taut and 

the weight of the tower is transferred to the hoisting rig and winch lines by a 
disconnecting the bolts at | the connections | of tower legs to the anchor ‘stub — ae 


mr winches then raise the tower about three or four feet above | 
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_ attached to these splice plates to hold the tower square at its base. The gare 
tensions to the tower legs and other diagonal bracing are hung by one bolt 4 


the new splice ap epee and horizontal struts so that they will fall into ) position 


_ The ‘manila 


off as me tower is raised but continue to maintain a steadying influence on the 
tower. The roller guides are watched constantly to see that none of them n be- 
aa come disengaged. As the tower rises the new leg angles of the extension 
ne swing into a vertical position and when the splice plates at the bottom of the 

t leg angles of the extension meet the stub angles of the anchorage they are “1 
. bolted in place. _ The bolting of the top of the leg angles of the extension to the 
tower leg angles is then completed and the een bracing members of the 
_ The weight of the tower is now snssinesh to the tower extension hie, slack- 

_ ing all lines from the winches, aad the hoisting rig, temporary meemenmane ie 

struts and roller guide “outriggers are ready | for removal. 

‘This ; isa description of the method of raising a tower ant installing a a ten- 

7 foot extension. 7 Fig. 11 shows a tower with a ten- foot extension bran agai | 


guyed, any height of lift c can an be made. det ais oe 
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_ All material used in this tower raising operation was purchased or anes 
cated cally and is re- ~usable. It is ‘stored in a ware-_ 
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ae - Anchor Towers 103 feet high to be raised 10 feet Bs Pg 
4 - Anchor Tower 103 feet high to be raised 20 feet, and 
1 - Anchor Tower 111 feet high to be raised 20 feet. 


time ‘required t to raise all towers including 
Set up and remove rigs ee 1, 180 manhours 
‘Raise and inetall steel extension... 


hours per tower continue to decrease as would be 
oa At the present time, , The Illuminating Company has four ‘complete wie 
; ‘ hoisting rigs. Crews are able to prepare four towers for raising and raise 
fe them in as short a time as } possible in case the conductors must be de- q 
~The operation \ was found to be very successful in that it permits the use of 


_ standard line trucks and small boom-cranes instead of renting mobile- ~cranes. 
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“Wilson Dam and power plant o on the Tennessee River near Florence, 


Alabama, was constructed during the period 1918- 1925. This paper discusses» 
| the principal features of the planning and design, and outlines the major Bieta 0 
problems of construction for a 3- “unit 000- 


INTRODUCTION 


‘eae hydro with only a limited amount of steam support. By 1950. = ; 
most of the economically attractive hydro sites on the Tennessee River water-— ~. 
"shed had been developed, and the empty stalls which were provided in the ae 
initial construction of the hydro stations have now been filled. In general the ae 
installed capacity in the hydro plants was designed to utilize the normal regu- 7 . 
lated flow on a load factor of around 70 per - cent. ‘Secondary power generated a it 
during periods of high flow was sold to industry at reduced rates. _ With the os 
completion of Johnsonville Steam Plant in 1951 the introduction of ole ; 
steam support primed the “secondary power and also allowed the hydro plants — 

to be used for peaking during low-flow periods at plants where sufficient 
pondage was available for flow regulation. | During periods of high stream flow — » 
the main river hydro plants and on occasion some tributary plants operate to ec. 
capacity on base load, and peak variations are handled by the steam plants and © a 
tributary hydro plants. In the low-flow season the hydro plants are heavily 
loaded during peak-load hours and cut back or shut down during low- load 
periods. Under this plan of operation a greater installation than was aie 
| Note: Discussion open until March 1, 1960. To extend the closing date one month,a 
i written request must be filed with the Executive Secretary, ASCE. - Paper 2209 is 4 
z part of the copyrighted Journal of the Power Division, Proceedings of the American _ 


Society of Civil Engineers, Vol. 85, No. PO 5, October, ere 


} a. Presented at the May 1959 ASCE = in Cleveland, Ohio. © tra 
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“ the flow for daily peak operation. 
‘The size of the TVA power system has now reached ‘such magnitude ‘that ' 
relatively large additions of either energy or ¢ capacity | can be readily absorbed 
by adjusting steam generation. The electric load of the TVA service area is 
_ currently increasing around 750, 000 kw annually. A winter peak of 9,700 000, 
_ kw was recorded in January 1959. The total system load for 1958 was in ex- 
cess of 61 billion kwh equivalent to nearly 7 million continuous kw. The in- 
be = capacity by the summer of 1959 when several generating units now = 7 
. under construction will be in service will be around 11,400,000 kw, 0 of which q 
some 7,600,000 kw or about two-thirds is steam and about 3, 800, 000 kwis 


‘Planaing Considerations 
_ A study of the TVA hydro plants indicates that the Wilson and Wheeler 
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_ projects on the main river above Florence, Alabama, , offer attractive possibili- ; 


ties for installation of additional generating capacity. An over-all view of the 


; Wilson project is shown by Fig. 1. — has the highest head of the > main — 
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‘WILSON DAM 

| head from backwater during the high flows than do most of these plants. See 4 
B Fig. 2. _ The Wheeler plant 15 miles upstream from Wilson also 1 
) head during high flows because the Wilson Dam crest gates hold the fluctuation pat 
of the Wheeler tailrace to within a few feet. Wheeler Reservoir affords ample — } 
storage for daily regulation ¢ of peak flows through both plants. . Space is avail- 
able at both Wilson and Wheeler for powerhouse extensions without making _ 
major changes in existing project features. Pickwick Reservoir below Wilson 
affords } adequate tailwater regulation to smooth out peak-load flow variations. 
The plants are centrally located in the TVA system and have excellent trans- 
mission interconnections. During the four winter months—December to a 
March— —the flow of the river as regulated by upstream storage is often sub- — 
stantially i in excess of present plant capacity. _ The proposed additional de- 
velopment is financially § as to cost of additional 
+The drainage area above Wilson Dam is ; 30, 750 square miles. The inbienae 
flow for the 62-year period, 1895 to 1956, was 50,600 cubic feet per second. | 
Fig. . 3 shows the duration of natural flow and the flow as regulated by present 
storage for the typical 12- ~year 1921-32 inclusive. The present 


o mor 


The regulated 
b= the eight low-flow months ‘April to November ‘inclusive) averaged 
around 35,000 second feet, with a plant load factor of about 50 per cent. This | OW 
a: quite satisfactory for the TVA system as of 1950, but under present co tcon- 
ditions a lower load factor can advantageously be utilized. 
7 _ The volume of Wilson Reservoir is relatively small but th: that of Wheeler is = 
2 ample for peaking regulation. — Since the flow travel between the two dams is 
two hours, the plants are ordinarily operated in tandem. If generating 
Capacity is increased at Wilson, a corresponding increase in flow capacity will : 
be required at Wheeler plant 15 miles Ss upstream | because both plants must be 
operated in parallel to utilize the Wheeler storage for peaking. 
_ Because of the advantageous situation as outlined in the foregoing, decision — q 
has been reached to install additional units at both Wilson and Wheeler. io 4 


Wilson addition is , currently being designed and construction will begin . 
spring (1959). The Wheeler addition is still in the planning and preliminary — 
design stage and construction is Scheduled t to commence next year. — ‘The al 
features of the Wilson plant only will be discussed in this pa paper. eo | > abil ae 
Three types of prime movers, namely, Francis, propeller, Kaplan 
turbines were considered for the new Wilson installation, since the usual range 
of operating head, 78 to 92 feet, is within the normal range for all three _ 
Installations ranging in capacity from four 25,200-kw generators similar of 

the present Wilson units to two 160,000-kw generators were . studied. | ‘Com- 
parative estimates indicated that an installation of three 54,000-kw com 2 
with fixed-blade propeller turbines would provide the highest benefit cost Y 
ratio at \ Wilson. Contracts have been awarded to S. Morgan Smith i . 
(now owned by Allis-Chalmers) for the turbines, and the Brown Boveri 
Company of Switzerland for the generators. The manufacturer’ s expected es 
formance curves for the turbines is shown by Fig. 4. The average annual — 
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8,000 to 69,000 cfs depending on the head. The average annual output for the 4 
period 1951-58 with all 18 units in operation and virtually all present upstream _ 
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increase in generation for the new ‘Wilson units, based o on a flow | during the 
typical 12-year period 1921-1932, is estimated to be 162 million ets renew Piss 


awe 
Construction of Wilson project was in 1916 completed 
in 1925. Hugh 4s Cooper designed the project and supervised the construction 
which was handled by the U. S. Army Engineers by force account. The present _ 
installation consists of 18 units aggregating 436,000 kw. A general plan of the a 
present plant is shown by Fig. 6. _The prime movers are Francis turbines Sal 
with Moody draft tubes as shown by Fig. 7 which is a cross section erin 
Unit 18. _ Eight units had been installed in the plant when TVA took over in 
1933, , and the remaining 10 were installed by TVA between 1942 and 1950. % 
‘The new Units 19 through 21 will be installed in the sluiceway section lo- 
cated between the existing powerhouse and the spillway. Fig. 8 is an architec- _ 
tural rendering ¢ of an | elevation of the new plant superimposed on a photograph. 7 aa 
The sluiceway ay section is a nonoverflow concrete dam c consisting of five blocks 
separated by contraction joints. Three blocks are: 46 feet wide, one block 50 
feet wide, and one 42 feet wide, a total of 230 feet. Piers 4 feet thick at each 


end of each block support the roadway arches. The sluiceways have not “aude 
in use for many years and have been plugged at the ea — ni vale 
valves sand operating machinery have been removed. 
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existing c cranes — erection areas would sé serve the new units. ‘a However, thi of the 
layout had several undesirable features. The center line of the new units a ; ' 
_ could not be located more than 15 feet downstream of the existing units and to co! 
sequently the downstream one-third of the sluiceway dam section would” the 
‘have to be cut out to accommodate the new installation. This would result in § cente 
an unstable structure and prestressed cables or some other means s would be inche 
needed to stabilize the dam. The rock is a brittle « cherty limestone with near-§ Ti 
oly horizontal bedding. - During blasting there is a tendency of the bedding plane pe rie 
“to open up and « consequently extreme care would be required during excav ation 
SO that the foundation of adjacent structures would not be disturbed. Due to cros: 
s short distance between the center line of the units and the upstream face 
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WILSON 


like turbine runners and shafts, generator parts, , and transformers will il 
to come through the old powerhouse. This and the additional cost of moving ae 
the units further downstream put a practical limit on the offset between the ibe 
center. line of the old and new units. _ This offset was therefore made 64 feet 6 ae 
inches to meet the above requirements. 
_ The outdoor type powerhouse was chosen for these units because in the ex- ate 
conan of TVA the outdoor type is more ‘economical than the indoor type for a 
an installation such as this. Fig. 9 is a sectional plan of the new units, and a 3 
cross section is shown by Fig. 10. The powerhouse will be remotely controlled 
from the existing control ro room, and consequently no employees’ facilities’ “a 
needed. Machine shops, tool rooms, and heavy storage areas are available _ 
elsewhere. Compressed a air for service and generator brakes | and i for the mat 
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“ENERGY ADDED BY THREE PROPOSED ‘UNITS | 
AVERAGE 162 MILLION KWH/ YEAR 


\ Present he Copebility - 436,000 Kw 
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_ extended to serve the new units. Station power service traneformers in t in the a 

_ old powerhouse also have sufficient capacity to serve the new installation. _ 
Consequently only a minimum of facilities and equipment will have to be pro- 

€ vided in the new addition. Some of these features are: switchgear, auxiliar 

4 boards, lubrication and insulating oil systems, ‘fire-protection system for the | 

"7 transformers, draft tube evacuation system, unwatering, and station drainage 
system. One intake gate and one set of draft tube gates will be furnished for 
_ unwatering one unit at a time. _ A gantry crane of 300-ton capacity will serve 
the new units and will also handle the main transformers and the draft tube © 

The distance between the new and the existing transformer yard 
is about 1,500 feet, and the cost of low tension leads would be prohibitive. The 
main transformers will therefore be located on the draft tube deck and a river 
_ crossing with a span of about 1 »400 feet will connect the transformers 
-161-kv switchyard on the left bank. A set of removable tracks between the he J : 
transformers and the gantry crane will be furnished so the transformers can . ie 
be rolled off their pads and under tk the gantry crane. A set of permanent tracks) _ 
will be installed connecting the existing and the new y powerhouse. The trans- 
formers can therefore be transported over to the service bay of the existing 
‘powerhouse where rail connection is available. le. A car of about . 40- ton n capacity 
will be furnished to transfer heavy | parts between the outdoor ¢ gantry y crane and 
— the existing indoor cranes. Heavier parts like the turbine runners will “Ne 
‘The erection area, sufficient for assembling one unit at a time, is located 
- outdoors on the deck and temporary shelters will be needed to protect the me 
rotors and the stators against the weather while they are being assembled. 

_ Bearing brackets and runners can be worked on in the open. 
_ The intake conduits and control works will be located in the existing dam 
section between the roadway piers. The conduits will be steel penstocks 28 3 
feet 6 inches in diameter. With a scroll case inlet diameter of 27 feet 6 inch- 

“f es, this is about the minimum diameter that could be used in order to have a 

reasonable transition section between the ume and the scroll case. Tt is 
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also about the maximum sid that could be installed between the vontway aide 
piers. The velocity at rated head and discharge is about 13 feet per second gv 
The penstocks are offset vertically and horizontally between the intake od 

and the scroll case. This is achieved by using two elbows, with a straig oe 
tangent piece in between, rotated in “stove pipe” fashion to meet end beshvhoo8 
alignments. The length of the conduits averages about 130 feet. The radii a 


= the bends are 57 feet measured on the center line. The ratio of bend radiu = 
| to conduit diameter is too low for best flow condition, but is the optimum with a 

_ The penstock plate thickness was set at 1 inch. For convenient handling pest 


this is 8 about the minimum plate thickness that can be used for this size nal ed 


tain the ‘soundness of the work. if shipping facilities ‘permit, the fabricator 
will the penstock in 6- to 8 -foot - -long assembled rings, otherwise the 
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October, 1959 
shaped plates will be and assembled rings at the site. The pen-— 
stocks will have expansion joints midway between the two elbows and likewise 
between the downstream elbows and the transition sections connecting the pen- | 
stocks to the scroll cases. The penstocks will be encased in concrete except | ~ sect 
_ at the expansion joints and in the area between the unit blocks andthe dam _ - floa 
section. Upstream of the gate slots percolation rings and bond between the _ | ' 


_ steel and the concrete will form a seal against headwater. _ The elbow sections } yj! 


_ will have an elastic coating on the upper two-thirds of the periphery and the | 
straight section will be supported on rockers and have an elastic coating over 
_ the entire periphery. In this way a minimum of restraint will be imposed on s. 
|= -penstock. This is ; essential as the water in the Wilson Lake varies between §) * 

85-90 degrees F in the summer and 45 degrees F in the winter, and the pen- ff} 4h) 
stock must be free to expand and contract with the change in temperature. 


7 _ The gate slots are rectangular in shape to accommodate the gate. It was - 
felt that the transition from a rectangular gate slot to a circular penstock rite : oe 
. _ could result in considerable head loss and that slot fillers could be justified. « 
- _ The losses were determined by model testing and amount to about .15 foot. _ i 
g This loss is too small to warrant installing slot fillers costing about $60, 000. he 
a The intake gate will be a wheeled gate 29 by 29 feet weighing about 70 tons. . 
It will be built in two sections in order to limit the height and the capacity of 
the handling equipment. Storage space aah the leaves will be provided by « 
_ widening the upper part of the gate slot. fares: 


- _ The trashracks are proportioned to give a velocity of about 4.5 feet through 
4 _ the gross area of the racks. This is on the high side, but increasing the rack 
4 area would have resulted in high additional cost and practical difficulties | in ; 
supporting and handling the racks. The clear working space between the face 
of the dam and the floating bulkhead is about 4 feet and the racks are about L 
feet 6 inches deep. Therefore, only the and the ‘seats for the recks 


after the bulkhead has been ral 
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PO WILSON DAM 

Cutting the existing dam to install is: a oper- 
ation. It could | have been very much | simplified by cofferdamming, but ral 
_ water is 100 feet deep in this area and a cofferdam closing off the 230-foot _ 
section would have cost about $1,200,000. It was therefore decidedtousea 
Ss bulkhead, set and sealed against the dam to | close off one intake bay at 


a time. _ After the intake for Unit 19 has been finished, temporary a An 


bulkhead is moved to Unit 2i. . The bulkhead was originally built for con-— > 


struction of the intake culverts for the new Wilson lock, now just being com- — 
; pleted across the river. . Slight modifications will make the bulkhead also us-_ 


: able for constructing the intake of these units. The bulkhead is of steel with © 
that can be flooded or wawetered. | It can be towed in horizontal 
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position, at _ and by flooding the lower compartments raised to a vertical ‘position, acco 
7 pulled tight against the dam and the area between the bulkhead and the dam t un- § Trer 


_ watered. It is about 75 feet high with a clear span of 46 feet between “ee sprit 
The reaction is therefore taken by the blocks adjacent to the one under con-— feet. 
This is essential because during one stage of construction about. the 
_ half of the mass is removed and the remainder of the block is barely stable that 
without the reaction from the bulkhead. contraction joints 
_ the blocks have an asphalt seal 8 feet downstream of the face of the dam. The | vice 
_ contraction joints falling within the unwatered bulkhead will be dry and it must ‘the 
be assumed full water pressure is acting upstream of the seal in all joints = - foun 
‘malas of the bulkhead. - Therefore the block adjacent to the one under con- ws 7 
- struction will have to carry the reaction from the bulkhead as well as the trac 
lateral load from the water in the contraction joints. These loads, in addition sere 
to the normal load, tax the stability of these blocks to the very limit. _ Since 
this combination of loadings is a construction condition, it was felt that 7 
_ deviation from normal dam design, specifying no tension on the base, was _ 
justified. | Therefore design instructions allow a corner tension of 25 psi for 
3 ‘bilateral loadings and 15 psi for loads acting in one direction only, with the 
further stipulation that not more than 10 per cent of the base area shall be in 


tension. No tension is allowed on the base of a a completed block. The intake init 
block for Unit 21 is 50 feet wide and will take one-half of the bulkhead reaction) tim 

a during construction, but due to the greater width, the resulting stresses are — 4 ord 

‘The roadway across Wilson Dam is supported by a series of arches over om anti 

the spillway openings. _ It is desirable that this roadway be kept open for traffic ‘bs 
i during construction, both as a means of access to the job, and for the con- | of t 
- venience of the ‘public. Installation of the penstocks must therefore be pec 
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WILSON DAM 
sition, "accomplished without causing damage to the roadway piers and arches. 


mun-§ Trenching for the . penstocks will leave the -4-foot piers free standing from the | 
ports, _ springing line of the arches to the bottom of the trenches, a distance of 60 a 
m- feet. ‘These structures are not reinforced and unbalanced lateral loads from _ = 


ut ti | the arches could cause the piers to crack and possibly collapse. ‘It is expected | 
dle | that the contraction joints between the arches are frozen at the springing line 
een j so that the side thrusts of the arches will balance each other; measuring de- 
vices have been installed to verify this. Should the measurements show that 
‘must | the joints open and close with the variation in temperature, means must be 
found to take the horizontal component ofthe arch thrust. 
| The unit blocks are separated from each other and from the intake by con- 
traction joints. Each biock is 76 feet 8 inches wide and 147 feet long. The © 7 ” 
scroll case will be welded and pressure-tested for leakage. It has an inlet a: ¥ 
‘diameter of 27 i feet 6 inches and the over-all width \ was limited to 70 feet to q a 
givea minimum concrete cover of 3 feet 4 inches. An elastic coating will be 
applied to the upper two-thirds of the scroll case periphery to prevent load _ 
transfer from the case to the surrounding concrete. . To prevent ¢ distortion of 
the case and other embedded parts, the rate of placing ‘concrete will be limit- 
ed to 1 foot per hour with a stop every 2 feet until the concrete has taken ail 2} 
“initial set. - Otherwise the unit | blocks will be placed it in 5- ~foot li lifts with the — 
time interval between lifts varying - with the placing and air temperature in —_ 
order to control the cracking of the concrete. The turbine blocks are of con-_ 
‘Sitesi layout and no special difficulties in either design or construction are- 
 Acellular cofferdam will be constructed to unwater the construction area : 
bof the powerhouse. . For reasons of economy it is carried to an elevation ex- 
pected to be over- topped once a year. . It will be connected to a training wall 
at the end of the existing powerhouse and also to the spillway block adjacent to. ad 
_ the sluiceway section. The top of the training wall is at elevation 424.34 and = 
“the bottom follows the tailrace excavation of the existing units. The height fot 
the wall varies therefore from 44 at powerhouse to 12 feet at the downstream — 
"end. _ The top is 4 feet wide and the back slope is 4 on 10 and it is evident that ° 
the wall is not stable with the construction area for the new units unwatered. oe 
‘It was therefore decided to stabilize the wall by the use of prestressed or . 
= excavation for the new units will be about 20 feet below the lowest part o : 
the e wall and only a narrow shelf of rock, say 12 inches, can be left — ag 
the wall and the excavation for the new installation. Considering the hori- 
~ zontal bedding of the rock it was felt there was danger that the wall and its | 
foundations could slide into the excavation area during blasting operations 


@ 
The cables will therefore be slanted away from the construction area, p pro-— i i 


be anchored well below the bottom of the new excavation. A causeway will be 


constructed to Jackson Island where the rock excavation will be spoiled. _iItis Pt ‘ 
also expected that material will be available on the island suitable for filling = Fr 


eo to resist the horizontal shear due to full hydrostatic head, and will ; 
| the cofferdam cells. 2 The existing piles of rock in the river bed downstream 


of the powerhouse extension will reduce the operating head, and investigation _ 4 


‘ is being made to determine if excavation of this rock is economically justified. od 


_ ‘Heavy parts weighing | over 25° tons will have to be transported through the | 
; - existing powerhouse to the construction area. Lighter parts will be trucked — 
_ over the Wilson Dam roadway and lowered by « crane to the construction area. 
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Concrete crete will also come over the roadway, but as yet it has no not been decided 
how to transfer the concrete from the roadway to the working area. phe ty oll 
The estimated cost of the three 54,000-kw units installed at Wilson — a 
$24, 000,000 or $148 per kw which includes the cost of step-up transformers _ 
; mu switching station. The size of units for the Wheeler addition has not been 
- finally determined; but the cost per kw, which will be higher than Wilson be- 
cause of the lower head, has been preliminarily estimated to be $16,000,000 _ 
‘The three new Wilson units are estimated to generate 162 million kwh 
' annually, and to add 162,000 kw of peak capacity. That the expenditure is 
economically justified is indicated by the following cost analysis: 
Capital cost of Wilson addition $24, 000, 000 


=) 


Pa = 000 


1,28 000 


energy 162, 000,¢ 000 kwh 2. 5 mills 000 
Remaining cost chargeable to dependable capacity «875, 000 


Annual cost per kw dependable capacity 


‘The: value assigned by TVA to dependable peak capacity for economic c ap- 
praisals is in the order of $10 per kw per year. On this criterion the cost of 
Bese peak capacity at Wilson is very reasonable. The Wheeler addition 


o> 


will cost more per kw, but the cost of peak meng the combined aie will still 


planning, design, and construction of this project is being by 

TVA forces under the general direction of George K. Leonard, Chief Engineer. 

The planning report was prepared by the Division of Water Control Planning 

of which Reed A. Elliot is Chief Water Control Planning Engineer. . Con- 

ve struction will be under the supervision of Henry T. Lofft, Chief Construction 
; Engineer, with Warren McMahan as Project Manager. Design is being handled 
Z by the Division of Design of TVA under the supervision of Robert A. Monroe, _ 


: Chief Design Engineer. The discussion of design considerations was prepared 
by O. Lavik, Staff Design RES 
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AND MAINTENANCE OF INTAKES, , RACKS asi 

| 


» _ Progress Report of the Committee on Operation and 1 and Maintenance of ah 
Generating Stations of the Power 


This by the Committee on Operation and Maintenance 
electric Generating Station compiles certain available data regarding intakes, 
maintenance problems, it presents a reasonably broad discussion of the ede- 7 
sign philosophy pertaining to intakes, racks log booms. rag - 


‘This report is intended to compile certain available data aeanaaais intakes, 

racks and booms. | Although the assignments of this Committee deal primarily 
Operation and Maintenance Problems, it was found that a ‘reasonably 

_ broad discussion of the design philosophy pertaining to intakes, racks and log 

would be an essential part of this discussion. 

‘se It is not intended that the theory of the hydraulics of intakes will be Yaa 

Zz ered, but certain general statements will be made regarding approach con- 
7 ditions to intakes insofar as they affect the trash racks. Nor will intake gates, 
5 ‘guides or hoists be discussed in detail. . Herein, the term boom means a de- _ -. 
_ vice which, in its simplest form, is frequently constructed of a string of logs © 

fastened together by cables or chains for the purpose of diverting or gathering _ Ss 
trash floating on the stream as it ‘approaches the intake. 
as These three appurtenances of an hydroelectric station are quite closely re-—s} 
lated and in h many cases must be considered together in the design of the wed i 
plant. The depth of the intake, that is, the entrance to the conduits or rd J 
stocks, determines: the effective or useable area for the trash racks. In some : 
| Discussion open until March 1, 1960. To extend the closing date one month, a ia 
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limit the available area for screens. As a result, the approach velocities, as — amor 
well as the velocities through the racks, may be higher than is normally de- other 
sired. If the trash boom is to be located relatively near to the intake, these 
high velocities may affect the conditions for which the boom must be designed. 
In the process of collecting data for this paper, one of the first factors of _ 
_ which the authors were reminded, was the effect of geographical location upon 
the basic design criteria. For example, a plant in northern New York State 
may have low temperature problems similar to or greater than, a plant in the 
Pacific Northwest. - In addition, the New York plant may be troubled by large 
quantities of leaves floating on the streams in the fall. In place of such de-— 
ciduous trash, the Pacific Northwest plants may be nine by logging debris. ‘ 
_A plant in the North central states may be relatively free of drift while a | 
plant in Southern climes may be troubled with heavy floats of water hyacinths. 
- On several plants on the Missouri River, trash has not presented a problem. . 
This is somewhat surprising since only a small amount of clearing, in the 
immediate vicinity of the dam, was done. For one reason or another, it ap a 
pears that the drift has a tendency to strand itself along the ney line. 
be the result of the characteristics of the banks. 


_ During the preparation of this report, an interesting : feature found in the | 
‘design of many older plants throughout the country was brought out by the i 
scriptions of some plants built along the Niagara and the Raquette Rivers of 
New York State between 1896 and 1918. _ These particular descriptions indicat- 
ed relatively shallow intakes with sloping racks enclosed in a housing. Hand | 

- "raking was contemplated in the design. The water velocities through the racks § 
were low, varying from 1.0 to 1.5 fps. The racks were designed to withstand 
the full hydrostatic head between full forebay elevation and rack bottom ele- 

vations. . This typical arrangement ha has been classified as a reflection of the 
influence of paper mill plant design. Quite s similar structures of the same era 
4 are found in other parts of the country and, whether the mills from which the 
_ design emanated produced paper, flour or other products, the general appear- 
pense are the same and quite characteristic of plants constructed close to the 
turn of the century. This wide divergence in the types of problems affecting = 
plants in different localities requires that the plant designer make careful Zt 
studies of the local conditions in order to properly develop his design criteria. } 
While this is usually possible through contacts with operators of plants in the 
_ Vicinity, it is usually quite dif difficult to establish quantitative evaluations. A "4 
review of some of the more recent hydroelectric developments of the U. S. | 
Army Engineer Corps in the Missouri River Basin, for example, indicates tal 
F no appreciable difficulty has been experienced from drift and for the most 
part there is no accumulation « of trash. A number of intakes in Northern oy 
California are found to have racks sloping at 45° with low rack velocities. 

_ Hand raking is found to be facilitated since the debris tends to ride up the rack 
- toward the water surface. . Such racks are commonly designed for full hydro- 


‘chair or, on the other hand, to others it might appear desirable to have much 
of the operation done by manual labor. If the designer is to satisfy a prudent 
Seeger, tee he must provide features for the plant of such design as will 
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‘sign, of the features under consideration, it must be kept in mind that the q exc: 
= = overall economy must be the major criterion. To some it might appear de- § cou 
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result in ‘the minimum annual charges for that feature. Interest, taxes, - 
overheads, operating payrolls, maintenance expenses and ‘many 


_ other annual charges must be weighed before one design philosophy can be 


selected as being superior to another. 
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Insofar as hydroelectric power plants are can be said 


| ~ to come under one of two major ' types. The first type is that which is found to 
a + be integral with the non-overflow section of the dam and the second type is 
that in which the penstocks are carried in tunaels which have their entrances 


some distance from the dam. 


In the first case it is simple for the to obtain 
ths. quate submergence of penstock entrance unless the dam is of extremely low ” 
height. In such cases the entrance to the penstock must be relatively large. 
= Velocities through the intake gate are generally acceptable ifthey are equalto J 
oe or less than the square root of the head above the center of the intake opening. &§ 
his Should the dam be so low as to make the installation of a conventional type in- 

“i ‘take with adequate submergence very difficult, a special design may be sub- 

€ —§ stituted. One type described herein is the “draft distributor” intake. Intakes : 

de- having their centerlines only a relatively short distance below the forebay - 

of i water surface are far more subject to sudden and serious rack clogeing, “| es 
caused either by ice or floating debris, than deeper intakes. q 
und . & Fig. 1 shows several variations of deep intakes with modifications of Ore < 
racks § entrance conditions including an approach to a straight conduit with head gate ee 


anc guides on the face of the dam with a relatively small bellmouth entrance, 


 Clined intake entrance with a bend and d gate slot and intake with- 3 


_ In cases where the entrance the is at some point other 


' wel _ than in the upstream face of the dam , the topography of the ¢ area may be such 
ing q “as te 
teria. 
) he | comes: extremely expensive in first cost and must be justified by operating © 
Another situation is frequently encountered at earth fill. dams, where a long 
S that penstock is used to go through or around the dam. _ This condition usually De 
| gives the designer considerable latitude, insofar’as submergence is con- 
| cerned, but the length of the penstock and the of the separate intake 


¥ _ The size of the penstocks selected is, of course, an economic study in it- 


i - self. We are here concerned only with the economic study pertaining to the % 


‘intake andtrash rack, 
general, the velocity through of the trash rack should not 


exceed about two feet per second. Under certain conditions, usually en- oi f 
countered in connection with the second or third type of intake as as described ms 
above, a greater velocity may be found economically justifiable. = _ 
an should be noted that the length of the intake cannot be extended —— 


ly in ber aS to obtain | an adequate area for the trash racks. Conceivably, any — ; 
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‘ae rack could be enlarged to ‘peoillie a total n hae’ area for flow sufficient to. 
decrease the average velocity to some extremely low value. ‘Unless, however, 


SINGLE 


ay 


INTAKE 


‘elas the approach conditions and penstock intake design are carefully controlled, — 
_ the average velocity will have but little meaning. | If we assume a rack 


a of the racks will assume the shap 


structure having this unusually larg 


e area located some distance upstream _ 
from the actual penstock opening, the velocity of approach pattern in the plane 


e of an oblate cya mur a prolate h hemis- 


pheroid, or some similarly curved surface. The maximum velocity through 
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RACKS AND BOOMS 


will on axis of the p penstock As we move, on the 

rack surface, away from this point of interception, the velocity will drop in . 
_ conformity with the shape of the velocity of approach pattern. — Since the head — 
— loss through the racks will be a function of maximum velocity, it can be seen : 
that there is a definite 1 limitation to the area of the racks, in 1 relation to the rt 


which can be considered as effective rack area. 

e.. fact that trash will collect in the area of highest velocity, modified t — 

the bouyancy of the trash, is one of several factors which affect the determi-_ 
nation of the distance between the face of the intake proper and the ier mi 

racks. © Other factors include the required working area above the iske 
structure, roadway width and similar items. In some voters, we find the | 

_ racks are actually in the plane of the penstock opening. This is usually the 
case with relatively low head units located in a powerhouse integral with the 
dam. In such « cases, it is quite fe probably that, ‘since the entire penstock is con- 
verging to provide uniform acceleration of flow, a large part of the rack — 
can be assumed to be > effective area. Where the racks are located upstream ah. 


from the penstock op opening, as discussed previously, this horizontal dimension, - 


for units requiring large penstocks, is frequently equivalent to the diameter 
- Fig. 2 shows a low velocity intake with the trash racks of adequate area _ hey 
located in the plane of the intake opening with converging flow to the unit. pei’ mie 2 
oe In general, in the last case cited, it can be ‘said that a length of trash 1 rack s ‘ 
“equal to three times the diameter | (D) of the penstock - is about all that can be Ba : 
considered as the effective length of the racks for computing the mean velocity | s 
through the r racks. Similarly, three times the > penstock diameter would be the - = " 
effective vertical dimension of the racks. Thus it can be seen that, , with the — 
Tacks located one penstock diameter from the intake face, the effective area 
of trash racks is probably safely expressed by 2. 25 pi D2, or 9 times the pen- — 

stock area. Thus, if we have penstocks twenty in diameter, the effective 
gross area of trash rack would be about 2800 square feet. 

In determining the minimum depth at which the penstock intakes should be ad 
located, it is important to consider the submergence which must be provided 
in order to permit the development of velocity head at the entrance to the pen-_ 
= In addition to this value, which is readily calculable, an allowance must or, 
be made for the submergence required in order to prevent the development of. 
‘bance effective vortices. From a practical standpoint, an empirical al- os 


lowance of submergence approximately | equal to one- -third of the diameter eS 


“be aotecteey, , although this value is frequently set at one- -halfofthe => 
b.- Inc cases s of shallow intakes, a eb type of intake may be employed. One 
‘ such type, known as a “draft distributor intake” consists of a submerged con- . 
_ duit extending from the penstock into the forebay with a converging slot at the 
_ top or side of the conduit for the entrance of water. This type has been em- — 
oe where considerable sheet ice and other floating debris may be en- __ e 
é countered. It is necessary to maintain the entrance velocity | low enough to _ ee, 
permit the floating material to continue undisturbed on its natural course and ae 
; not be sucked down into the collecting conduit. The Chelan Dam in Washington ee 
such anintake arrangement. 
i It has been found that shallow intakes, ‘somewhat less than thirty : feet, have “J 
proven to be development areas for 
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=) collection of ses flies has, at times, been quite troublesome and has caused 

appreciable head loss. . Similar diff difficulties have been reported fr from Japan 1 

and elsewhere. 


a 


‘The necessity for trash racks on hydroelectric plants stems fromthe 

- possibility of damage to the turbine runner or the wicket gates being caused _ 
by relatively large pieces of floating debris. Screens, as commonly usedin | 

_ steam electric stations accomplish, a similar purpose except that the per- 


< ‘miesbin size of debris is much smaller an and hence requires horizontal as betes 
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carries very little obviously does not eliminate the need for 


racks. It may, as will be seen later, affect the detail design of the racks, — 
rack cleaning pies and the requirements for a trash boom. . Streams vee 


instances, aaa Dennison Dam on the Red River in Texas, large ar amounts - 
drift exist in the reservoir, but, this drift largely beaches itself before reach- 
ing the intake. - In contradistinction to this, some rivers can be see! seen to carry “_ 
the trash in an attenuated line following the thread of the stream | and, although — 
seasonal beaching may occur, , practically all flotable material finds its way 
to the intake. It appears that the tendency for drift to accumulate on the shore | z 
or to follow the thread of the stream through a reservoir r is a function of the “¥ 
velocity of this thread in relation to the velocity pattern of the entire reservoir 
Trash racks are usually made up of vertical members of steel bars 3/8 to 
3/4 inch thick and from 2-1/2 to 5 inches in width and extending vertically for 
_ whatever distance is available in order to obtain optimum trash rack area. vat 
The spacing of these bars is usually determined by the characteristics ofthe 
turbine. Either of two criteria may be the limiting factor in the determination 
< this spacing. In some instances the size of the maximum timber which can 
be sheared by the wicket gates may control and in other cases the maximum > 
size of timber which could safely pass through the turbine wheel will control. 
Ordinarily, values for this bar spacing range from five to. nine inches. 
some localities, such as Northern California, closer rack spacing has been © 
_ required by the fish protective organizations. Considerable difficulty is quite 
obviously « caused by clogging of racks when the spacing is made too small. el 
some special cases, round bars or pipes have been substituted for flat steel 
= in the fabrication of the trash racks. . The rack structures in the ond 
_ plants were of bolted or riveted construction, but, in recent years this has _ 
largely been supplanted by welded construction. This has simplified the 
i structural details and considerably reduced the overall weight of the Saw 
o structures. Some use has been made of wrought iron or stainless steel 7 
trash rack fabrication mh at the present time this cannot be said to be common 


pe... situations where there is considerable amount of trash to be expected, a 
value of five feet of differential head is commonly used in the structural weal : 

~ sign of the racks. That is, the racks are so designed as to be able to with- Poe. 

e stand a differential head caused by the clogging of the racks amounting toas 

7 much as five feet. In some cases, especially at automatic or remotely con- ol 

2 trolled plants, it is advisable to design the racks against full hydrostatic head. — 

re Since the value of a plant is a direct function of the head, excessive clogging sal 

- cannot be tolerated unless the height of the intake is only an extremely small — 

i part of the head of the units, as in the case of the high head plants of the et ie: 
Sierra Nevada. .. Obviously, this value will vary considerably depending upon — 

F the type and amount of debris v which the stream carries. It is also obvious ie 

i that, without an adequate trash rake, this differential head for design purposes . 
-Thust be much greater, approaching as a maximum the total depth of forebay a 


_ above the bottom of the racks. _ Therefore, the provision of a trash rake oe 
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—— Co In cold climates, where the temperature of the air frequently drops to below 
3 well freezing, the tops of steel rack bars should be kept below water surface. Be- — ‘ ie - cae 
tae oud cause of the high thermal conductivity of steel, ice forms rapidly on the bars a ; - 
a 


october, 
‘if they extend into the air, and hte may rapidly extend to the full 
depth of the rack structure. This may be accomplished by substituting solid 
pee panels for the uppermost rack bar panels extending from a point slightly 
below low water to the top of the trash rack structure 
On the Raquette River in northern New York, five (5) | plants develop 100 000. 
; kw through a total head of 470 feet. _ These plants were built during the period — 
i of 1952 to 1957 and incorporate ‘some of the more modern design features and 
__— eriteria. It is important to note that, in this locality, winter temperatures _ 
sometimes drop | to -35° or -40° F. ‘The v velocity through the net area of the 
_ racks is 3.2 fps. _ Recognition is given to the limitation of effective rack width | 
and height and the width is made the same as the draft tube exit width. Stop- 

log slots are provided upstream of the trask racks and the stop logs for both 
intake and draft tubes are interchangeable among the five plants. The areas 4 

in the plane of the rack faces above the effective height are covered with 
- timber bulkheads to minimize the formation of ice on the rack bars as de- 
- scribed elsewhere herein. Furthermore, a concrete curtain wall upstream of 
the stop-log slots, is carried down to one foot (1") below normal drawdown ~ 
_ elevation. These plants are provided with mechanical rakes which, at times" 
are used to dislodge frazil ice or anchor ice. 
_ Fig. 3 is a typical mill type rack with sloping bars and trash baffle extend- 

_ In some cases, an air bubbling system is effective. Compressed air, re- | 
leased through small orifices in a system of air pipes located on the bottom —_ 


of the forebay, has proven to be quite effective in preventing the formation of " 


: surface ice in front of the rack structure. The air discharging orifices — 
Ps. be located sufficiently upstream from the face of the racks as to cause the 
bubbles to reach the water surface a few feet in front of the rack bars. . The q 
wide Tange of approach velocities obtaining at any one intake, de- 
E-- upon the water demand of the turbines, requires ; careful analysis sin 
the determination of this location. 
ah, - One of the many variations found in the design of trash racks is the eins 
f ~ nation of the rack face. Some designers prefer the vertical trash rack while 
others prefer the sloping rack. The arguments for the sloping racks are usu- 
; a predicated upon the idea that trash rakes will ride more successfully on - 
a rack which is farther from the face of the intake at the bottom than it is at 
the top. This batter tends to hold the trash rake against the racks by gravity 
and can usually be provided without appreciable sacrifice of economy, where — 
the height of the racks is relatively low. Deeply ‘submerged racks, such as_~ 
basket or semi-cylindrical rack structures, where no raking is contemplated, a 
obviously require vertical bars. (5 In the case of trash racks extending to depths 
between 25 and 125 feet , vertical racks s appear to be most economical. — 
.. Fig. 4 shows a typical basket type rack with semicircular straight bars — 


Fig. 5 is a typical deep intake rack with vertical face enclosing several i 
openings as a combined structure resting on the bottom of the dam 

The condition « commonly occurs wherein it is advisable to provide a a 
chanical trash rake to enable the operating personnel to clean the trash racks 
of debris from time to time. With an adequately designed trash rake, proper-— 
dy us used, it is possible to decrease the differential head for which the racks as 
, must be used. Only small trash in moderate quantity can be hand raked. | The . 

maximum depth for hand raking is about t twenty feet and is seldom  satistactory 
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RACKS ‘S$ AND BOOMS 


TYPICAL MILL TYPE RACK 


‘The difficulty seems to be, not in the inability of the trash rack manufacturers - 4 


to provide a rake which will perform a certain function, but in the proper — le a 


specification of the type and amount of trash which the rake must handle. The 3 
quantity of the trash to be handled as well as the ability of this trash to with- 
stand the raking action is usually under~€ -estimated. In addition to the apparent 
tendency to under- -design : a trash rake, there is also apparent an inclination on on 


*S 5 the part of many designers to over-complicate the mechanism. This last is fe 


Teadily understood 1 in view « of the fact that not only ‘must t the rake be capable to 

of an up and down motion but the position of the teeth must be changed from po 

vertical, while the rake is travelling downward, to the horizontal, when the 
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_ teeth to release the rake from a load too great for the rake to handle. hou ol 
~~ One o of the most troublesome features of trash rake design, insofar as the q 
~ operator is concerned, is the rake apron and collection hopper. If one is faced 
ie only with small twigs, leaves, and other debris having no dimension much sae 


across the apron into the hopper. Similarly, n no great difficulty will be foend: 
* when transferring this type of debris from the hopper toatruckortrash — 

sluice. If, however , and this is more frequently the case, | the trash consists 

of sizeable branches, grasses, vines, small animal « carcasses and similar 
; objects, it is only with great difficulty that the interwoven mass can be moved | 
c by hand rake | even on a smooth horizontal surface. . Trash rakes should be so- 4 
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arranged as to provide a rather steeply sk sloping surface for the discharge on i 


trash from the rake into the hopper. 
The handling, by means of a rake, of trees, and ts 
large animal carcasses, none of which are supposed to get past the log boom, | 
_ but some of which do get past, is seldom possible | to the satisfaction | of the oat 
“operator. / Some mechanical rakes with log hooks are quite effective in handling 
-Telatively ‘short, regular logs: or timbers. A few branches, or a cross arm _ 


a clam-shell bucket or tongs operating from the intake 

‘ In many locations grass- like plants consisting of long tendrils make it _ 

difficult to keep the racks clear, even with a normally adequate mechanical . 

rake. In some cases these grasses grow on the bottom of the reservoir in re 

shallow water and are pulled loose by the ice during periods of thawing. Sever- san 

al methods of handling this type of debris have been used, varying from the 

rate, questionable practice of pulling part of the racks in the expectation that the _ ie 
grass will safely pass through the wicket gates and runner, to cutting the grass 

with knife-like blades on pike- poles. Some racks have been made of pipes, 

instead of bars, arranged so that the top ten (10) feet of every other pipe could 

be removed. | * The fixed pipes have been slotted and permit the insertion of a 

pike-pole having a blade affixed in 1 such a manner as to protrude through ale 

slot and cut the grass as the pike is forced up and down in the slotted pipe. > 

Bi — plants o on the upper Snake River, Idaho have been so _ equipped. pina: a 
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i. wae Protection against rust and corrosion can be classified as mainte- | 

_ mance, whereas the prevention of the accumulation of debris « on the racks is in 

‘reality an operating problem. —Itis generally true that common practice to- 

day, : as indicated by economic. studies, calls for the use of mild steel in the 

: racks and supporting structures. a Galvanizing has been used to some extent, 
but painting appears to be the more common practice. Zinc rich paints appear 
to be g gaining in favor and cathodic protection is wag center provided. bi 

Some constructors and owners have found that racks, as well as many other | 
structural features, will require less maintenance if they are shipped tothe —_ 
_ jobsite with no shop coat of paint or primer. . Field sandblasting and immedi- - 
ate painting is usually found to be subject to better control. } It cannot be said 

to be universally true, but in many | cases the shop coat has been found to cover 

mill scale and other deleterious matter. _ Subsequently, the field maintenance 

crews are called upon to remove by sand blast, not only the mill scale, but 4 
~ also the shop coat which has failed because of improper surface preparation 

prior to the placement of the primer coat. . Racks are so arranged as to an 
readily removable by sections for sandblasting and painting as required. at 

the water line timber panels, where used in place of rack bar sections above 


face of the racks c can cause an appreciable loss in power output, , since the | 
head loss through the racks varies as the square of the water velocity. | A rela: ‘ 


can be pointed out that the money spent for each foot of incremental head on 

the dam may run ir into hundreds of thousands of dollars. As described mores 
3 where herein, only very low head intakes can be kept. clean by hand raking. 
The present day high cost of labor tends to decrease the height, or er | 
_ size, of f the i intake ce which will will be found economical to clean by hand. Some al 
_ types c of trash can un not be handled either by hand raking c or mechanical raking. ; 
_ In some cases, where the rack velocities are exceptionally low, some of the 4 


‘sluice or other point of disposal. Devices for handling other specific types of 
trash are described elsewhere herein. The main objective in trash rack oper- 
— is to keep the racks clean so that the head lost because of trash is of = 
value than the cost of cleaning the racks. 


es forms of debris, if not water- logged, can be snaked by tag-lines toa yi 


_ Mechanical trash rakes are usually somewhat complicated in nature and — 
ee require careful maintenance. Many rakes } suffer periodically from bent 
en or log hooks. These can frequently be strengthened by the welding on of 
reinforcing members. Like all wire rope, the ware. and tooth positioning — 
_ Cables require regular inspection and greasing. All sheaves should also be 
a .—- regularly to avoid the development of worn spots which in turn will 
adversely affect the life of the wire rope. Motors for rake travel and hoisting, 


= “a as well as all moving parts, require careful observation, largely because ae 


— ft The needed operation of the { trash rake has largely been dovared previous- 


fa ly. . One of the most prevalent faults found in mechanical rake operation is the 


- attempting of: cleaning tasks beyond the design limitations of the rake. Be This, 
for example, explains the bent teeth often encountered. . The operator of . 
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at trash rake should keep in in mind the type and quantity of debris for which the “= ——- 
designer planned the rake. careful study of the purchase specifications, by 
the operator, may dissuade him from over-loading the rake and subsequently 
charging the rake manufacturer witha faulty design, 
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Almost every has its own requirements as to the magni- 
tude and type of log boom required. In some situations, the streamcr lake — = 
impounded carries so little trash that no boom is required. The type of trash, 

the quantity, the frequency and duration of trash carrying periods of the river x 
all enter into the determination of the details for the boom design. In locations 
where tl the trash consists of f many types of flotsam, from small bits of brush 


- 7 to large logs or trees, the requirements of a boom are quite extensive. Arai a 
e TH oe It is desirable, whenever possible, to have the boom so arranged as to : 

king. Cause the trash to move along the boom by the force of the normal flow of the 
the a stream. _ In order to accomplish this, the boom must be placed at an angle no- 
toa @ greater than about 30° with the direction of the surface currents. The face or 
bes of apron on the upstream side of the boom ‘must be such as to present a flat, re 


: oper- vertical surface along which the trash can slide easily. A boom consisting of 


f* _a series of logs fastened together end to end will do little to prevent trash ve! 
being carried underneath and past the boom whenever the velocity past 
and “the b boom becomes appreciable. It has been found that from two to three feet __ 


of submergence of vertical face must be provided, even in low velocity water, ‘ 

to prevent the passage of trash underneath the boom. . Even with this ar- ps 
rangement, it is generally necessary to provide a walkway along the boom to 
permit operating personnel to keep the boom clear of snags. This automati- 


Cally necessitates the use of two or more logs laid i parallel to each other | in ae 
framing the log boom, or ‘some alternative method of securing the same result ce 

_ Fig. 6 shows a catenary boom consisting of floats attached to tension cables 4 
‘with the walkway above the water line and diverting apron. lo 


_ If the face of the boom can be maintained in a straight line despite the pal ; 
action of the current and the load of the trash against the boom, the action of * 
the boom in carrying the trash along its face to the downstream end will be © 


much | improved. _ This can be ae accomplished in a boom c constructed of 


| cable, in its normal catenary curve, on one set of logs or floats while the fake 


apron face - unneel is carried ona second set of floats. fs The walkway, and 
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apron floats are held the | catenary. floats by means 
of struts. By making these struts subject to field adjustments, the apron face 
can be made to lie in straight line after the boom is in operation. The apron 

face, in an existing boom of this type at Cabinet Gorge, Idaho consists of two. 
S planking having a submergence of two feet and a one foot freeboard. wal 2 


Fig. 7 depicts this type of straight line apron boom with the adjustable 
- struts to separate the walkway and apron from the tension cables. oe 
_ Many materials other than logs have been successfully used in the con- j 
struction of booms. Light weight steel pipe with welded ends have been used 
successfully, | particularly when they have been filled with styro-foam in order | 
_ to prevent loss of buoyancy when punctured by rifle bullets. The geographical 
location of the hydroelectric plant is often a ‘major factor tin determining the 
_ economies of use of materials for log booms. | Booms have been constructed 
A of metal tanks or Navy type floats or pontoons. 
: 7 os One such boom has been designed and d constructed at the Noxon Rapids» { 
= plant in Montana. This is a V-shaped boom spanning the five intakes. Each 


of the two legs of the boom is 350 feet long and is supported as a horizontal 
catenary by a cable extending from the face of the intake to the apex. From 
_€ the apex, or nose, a double anchor cable extends 1350 feet to an anchor ~ oil 

fastened to bed rock on the reservoir shore. The legs of the boom are 

up of rectangular floats or pontoons seven feet long, five feet wide and five — 
feet high. i These are ballasted with cement mortar to float with three foot — 
draft and are fastened together with hinges to provide freedom of relative - 

‘movement in a vertical plane and, through 1/16 inch pin clearances in the ‘ 

_ hinges, to provide a restricted movement in a horizontal-plane. The design 
sag of the catenary from the chord is eight feet, requiring a pull on the anchor 
= of 54 kips to withstand a uniform load of 20 lbs per lineal foot normal to 
the boom. This boom has been found to be quite stable and presents a solid | 
vertical face for trash deflection with 3-1/2 in. gaps between floats. ae 

ay Fig. 8 shows a perspective view of the steel pontoon with hinged at- iti 

- a tachments and plan view of the triangular attachment to the anchor cables. - 
some locations subject to. cold weather, booms are used to divert the 
_ flow of ice from the intakes. Because of its specific gravity of 0.922, iceis 
one of the most difficult materials to prevent from passing under a b a boom. ‘The 
_— more: dense woods, or woods which have become | “water- -logged” are are in the nt i 
Same category except that sheets of floating ice have a tendency to slide under 
. ore over that ice which has been stopped by the boom. Thus a condition is) 
7 reached whereby the bottom sheets of ice are below the bottom edge of the | 
apron and are free to passunder the boom. 
Ina few rare cases, where the approach to the intake is quite shallow and 
_ the individual pieces of flotsam are light, a wall of concrete can be construct- 
ov ed with submerged openings for water passage. This type of guide wall can 
_ ibe supported on piers to the river bed instead of being supported by its = 

a  pacpaaes. _ Such a wall, or bottom-shaped boom, has been successful at the q 

_ Avanhandava Hydroelectric Development in Brazil. At this plant, the wall is * 
_ placed at 45° to the thread of the approach current to obtain the desired ee 

“shearing” or “self-cleaning” action. The debris handled by this wall consists 
“of large quantities of water hyacinths andaguape. | 
7 ih some situations, it has been found advisable and feasible to provide de- 
vices for keeping the trash boom free of accumulating trash. One such device 
- consists of an arrangement of water spray nozzles, as are commonly used to 
clean traveling screens in steam electric station or water supply intakes. The 
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RACKS AND BOOMS 
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STRAIGHT L a9 }ON BOOM mt 

Ric are attached to the upstream side of the boom and are so directed 7 


to cause the flat jets of water to impinge on the forebay surface in a direction 


}) arrangement y works best with debris consisting of small, light individual 
pieces. Logs and similar large objects having more draft than leaves, flowers — 


which will produce surface currents to carry the debris along the boom. _— ! Bf 


or twigs will be controlled by the currents deeper than the surface currents 
established by these water jets. Occasionally, this heavier, larger debris has __ 
b moved along boom faces by motor driven, submerged propellers mounted ~ 
along the boom. These propellers develop currents extending sufficiently all s 
- low the surface an moe debris having up to about twelve (12) inches of 4 
I>? Such current producing devices are quite expensive from the standpoint 4 
of operation and maintenance and require careful study to justify their te ee a 
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4 ar Maintenance of trash hootes obviously varies as widely as, and in keeping 

- - with, the design of the boom in question. The most critical part of most eT 

_ is the tension member, that i is, the cable, chain or combination of floats and 

linkages forming the load resisting | member. In the case of a catenary boom 

ig depending upon a wire rope for support, the cable will be subjected to intense ‘ 


_ weathering action. Usually wet and frequently exposed to the air, cables must 


be inspected ca carefully a nd regularly. Rust and corrosion are sometimes per- 
‘mitted to weaken the cable 80 that when an unexpected load, even though soa 
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RACKS AND BOOMS _ 

failures can prove to be far more expensive than one would eupgose 7 ee 
boom folding up on itself across a spillway with its gates open and becoming ~ 

entangled with the piers can prove to be extremely effective in blocking ~~ 
spillway. A boom thus doubled up at random has a remarkable ability to catch — 
whatever trash is floating down the stream and often presents serious  — 
problems by resisting efforts toward removal. Logs used as floats must be 
carefully watched so that they can be replaced when they become water- 
logged. Walkways and hand rails or safety-belt wire ropes must be inspected — 
for protection personal accidents. _ The apron and its sup- 


One factor which is frequently overlooked or aii neglected in the case 
trash booms is the | operating cost. Many times, an operating company will 
“spend relatively large amounts of money each year for the eo ofa 


boom which could be saved by the proper layout and design of boom. 


F verall ¢ economies can n be realized through the decrease in n operating nm man- 
power. Trash booms must be kept free from accumulations of drift. Too — ; 
large an accumulation may seriously overstress the boom structurally. ‘Short 
of failure, such an accumulation will tend to cause a large amount of trash to > a 

be passed under the boom thus overcoming its usefulness in helping to keep | Pv 
the racks clean. The disposal of the debris collected by a boom varies coll al ; 
siderably from case to case and the method is dictated by the design of the © ie. 
entire boom arrangement. Whatever facility is provided, such as sluice ways, 
beaching areas, temporary catchment booms, trash removal cranes or other 
devices, this facility should be utilized so as to keep the boom — and in - 
readiness for unexpected floats of debris or ice. Ne no 

It is recognized that there are many other variations of intakes, racks and - 
‘booms which are adaptable to special conditions which exist at particular 
plants. rere in operation and cost at other plants on n the same — ye 


bris. The Committee welcomes discussion and contributions of designs whi 
have proved successful in obtaining the objectives of sa first cost and mini 


nance of Hydroelectric Generating 
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SELECTION OF HYPERBOLIC errand TOWERS 


‘The structural design of hyperbolic cooling towers is discussed with par- 
ia reference to wind stresses in the shell. Formulae are given to enable 
the size of cooling towers to be determined for a given cooling duty, and a 
method outlined for the selection of the most economic duty. 


a The first hyperbolic natural draught reinforced concrete cooling tower leks . ' 
designed by Prof. van Iterson of the Dutch State Mines and installed at the __ 

Emma Colliery in 1916. Towers of this type were installed at Lister Drive 7 
Power Station in Liverpool in 1925 and since then have become standard ae 
practice in British power stations 1s where cooling towers are required. _ Many _— 
early towers are still in use, having shown great reliability in service, little 
maintenance having been required apart from the replacement of decaying te 
timber in the cooling stack. Recent advances in the fields of timber preser- 


over which the warm water is distributed by a pipe and nozzle system 32 ft. a : 


above the ground. _ The lower portion of the shell is open to | to allow the a air ac- A 
cess to the cooling stack, the shell being supported on legs that are inclined to 
resist the shearing force due to the wind. Beneath the tower a pond is con-_ 
structed to catch the falling water and return Lit to the circulating water 


system. An example of a modern hyperbolic ‘cooling tower is shown in baad 1. 
Note: _ Discussion open until March i, 1959. 
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and the use of alternative materials promise to extend the Mie or the | 
1 __ § whole of a modern hyperbolic cooling tower to the working life of its associat- (7x 
an _ § The largest tower so far constructed is 340 ft. high and 260 ft. base diame- i eS 
ter and will cool the circulating water for a 200 MW set. Most ofthis _ nt 
— 
— 
— “we part of the copyrighted Journal of the Power Division, Proceedings of the American $$ fe : 
q = Society of Civil Engineers, Vol. 85, No. PO 5, October, 1959. 
4 1. Plant Design Branch of the Central Electricity Generating Board, London, ~~ = = 


‘The function of | the cooling stack is to increase the surface area between 


the water and the cooling ait air, either by breaking the water up into droplets o or 
_by spreading it over a large area in the form of films. It is important that 
. = be achieved without offering t too great a a ne: to the movement of 
7 As the warm water falls through the stack it gives up its heat to the air. 
_ The air leaving the stack inside the shell is lighter than the ambient air and a 
draught is created by chimney effect. This mechanism differs from that of a 
4 mechanical draught tower in that the ‘cooling is dependent on the dry bulb 
_ temperature as well as the wet bulb temperature, the draught for a given wet 
temperature increasing with decrease of dry bulb temperature (i.e. being 
_ better in humid conditions). Above the. distribution | pipes a spray eliminator 
is to catch the fine droplets of water which would other- 
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on ground nor is there any of the of 
tower being affected by the recirculation of the air leaving the top of the Ta 
The cooling characteristics of a hyperbolic type natural draught t cooling 
tower are different from those of a mechanical draught installation. If it is 
desired to compare the economics of the two types of tower it is necessary _ 
first to select the most economic cooling water arrangement for each type of — 
tower by a method similar to that outlined in the paper. The most economical 
arrangements of both systems can then be compared taking into account ure h 
factors as Overall capital cost, condenser vacuum, auxiliary power required, 
reliability, cost of maintenance and ground area. It can be quite misleading 
to compare the economics of the two types of f cooling cower on -_ basis of a 
‘common cooling system and tower duty, 


Design o of ‘Tower | Shell by Membrane Theory 

_ There is no thermo- -dynamic reason why the shell is a étaient ‘draught cool- 
B ing tower should not be cylindrical. | This shape simplifies both the design and - 
Ee construction of the shell and cooling towers have been built in Germany on 


ie _ However, the momentum of t the air entering th the shell ‘carries | it into the 

© centre to form a vena contracta whose diameter « depends on the ratio of tower — 

= diameter to height of air inlet. A considerable saving in shell surface area 
and volume of concrete can then be made by tapering the shell in to the diame- 
ter of the vena contracta. This stiffens the shell against wind forces and ‘open- _ 

hi _ The analysis of the effect of wind forces on a shell can be carried out by 

:: the “membrane” ’ theory, ' which assumes that the e thickness of the shell is so 

® small compared with its diameter that the wind forces are resisted only by 

p direct tensions, compressions and d shearing forces in the direction of the shell — 
itself. The analysis of the true hyperbola of ‘revolution is ‘complex and is usu- 
ally carried out using a step- by-step method. A very good approximation how- 


® ing out the shell above the throat stiffens the shell even more a ot by 


the past but as they are vaitee ugly and show no other advantage than ease of __ 
calculation they are no longer being constructed. _ The simple case of the . “a 


the small of shell shown in Fig. 2 upon by a 
wind p pressure p, which is resisted by vertical loads/ft. v and (V + dv), hori- “— — 
ontal ring loads/ft. t and (t + dt) and nd shearing loads/ft. s and pid + —_— o. _ 
Th f ilibri 


ap + Ww) RAR + (5+ 


a 
4 
— 
— 
ever Can De nade DY assuming the shell to De Made up two truncated Cones 
— 
4 ler 1S dealt with to demonstrate the method, an € analysis Oi a tower ia ae ne 
built up of two truncated cones is shown in Appendix 1. = | — 
* 
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Solving these give values of and t at any from the 
| top of the shell and any angle f to the wind. J a ee 


Whence = 


x x + conste 


e cons 


The three equa are then 


(5) 
In order to solve the above equations it is ; necessary to know bow the wind 
pressures are distributed around the tower shell, i.e. how p varies with 8 rt 


Pressure Measurement - 

Although there have been some experiments on cylinders and model cooling 

F towers to find out the pressure distribution, | in no case did the | Reynolds “Jae eid 

test that attained at high winds on a modern hyperbolic 


of the wind ve-_ 
10 


same pressure. — It is nown that the vibration of a chimney can a extend sub- % 
critical distributions he ee to Reynolds Ni Numbers greater than that which _ 


= — 
— 
Zz. 
— 
— 
— 
— 
> ulty being that wit 


would have been expected and for this reason it was desired ‘to obtain _" 
at the highest Rey nolds Number attainable. - * model c cooling tower 26-1/2" 

“high 1 was built out of sheet metal with | pressure measuring points both inathel 
and outside the shell, and tested under pressure (i.e. at increased density and 
Reynolds Number) in the variable- -density wind tunnel belonging to the Aero- 


ae Division of the National Physical Laboratory at Teddington, Baglant 


= curve, in view of the successive re ditlorentioting required it was felt that 
a) it would be easier and sufficiently accurate to ‘split up the curve into a number 
of parts each covered by a simple expression, and this has | been done. _ Itw will 
be noted that the curve consists of the : algebraic sum of the internal and ex- 
= wind pressures so that the value of p on the front face is made up of | 
; one velocity head positive pressure plus ab about half a ay head suction in- 


_ The maximum values oft t van = — occur at at B= 0 and the maximum value of 


‘The wind pressure ona vertical plane se surface at right angles t to » the wind 
will be wv9/2¢ where w is the density of the the air and vg the velocity of the © 
wind. With a velocity of 90 m. p. h. a temperature of 59° F and a barometric 


_ pressure of 29.53 in. of mercury this will equal 20.75 lb/sq ft. er 


7 


> “a area of pect steel required per foot of the shell is 0. 17 sq. in. or Te 
bars at 8" e/e 


aA 
tower shell is 189'4" diameter 219°6" from + 
concrete cooling tower she Px: k. What are the 
A cylindrica f the tower and 9" thick. 
‘te f the ring beam to the top of the (of 90 m.p.h.? 
the top iniform wind speed o a 
=, 
¢ 
Ss 
— 
“pt 
or 
O = 20,600 ‘ tok ™ 
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tt is interesting to compare the above results with those obtained for Ru 
tower of similar height and radius at the section considered, but made up of 
_ two truncated cones with a cylinder ir in between as sho between as shown i in in Fig. 4 se ‘The 
= = 412104 p? “5695 = 


which gives per with wind pressures as in n the previ ious 


o 
_ It will | be seen that the shear and vertical stresses are reduced by over 
« 50% due to the “hyperbolic” shape e of the shell compared | with a cylinder of 


the same height base diameter. 


INCH 


INEA 


Measurements 


LB 


. In order to check the validity. of the theory, strain gauges were fixed to the 
—- of the model tower and readings taken under load in the wind tunnel. i ¥ 
_ Owing to the difficulties of temperature compensation in the tunnel the accu- § 


- racy of the readings was not very great, nevertheless it is considered that the 


results support the membrane theory as being a reasonable method for. the 
analysis of cooling tower shells. The ottained from one set of 


the theoretical results. 


In operation the tower shell becomes ‘saturated with y wader which causes it 


to swell. - According to ) Murdock!) a typical 1:2:4 concrete with a w/c ratio 
0.6 will expand 0. 028% if the outside of the tower shell is dried by a hot sun 


=. strain, the r maximum tensile and compressive stresses in n the section will , 
be 1/2 x 0.00028 E where E is the Young’s modulus of the concrete. If E is i 

taken as 2.5 x 106 lb/sq. in. the tensile stress produced is 350 lb/ sa. in. 
which may be sufficient to crack the concrete. 


‘There are two possible approaches to this problem. _ The provision of 0. 3% 


the ‘moisture movement stresses to acceptable limits. * This is fairly expensive 
as it involves a considerable increase in the reinforcement of the shell. Also 
Bit iger. placing long heavy bars on the outside of the vertical reinforce- a 
ment, whereas the working platform is usually on the inside. 
ae alternative is to paint the inside of the shell with bituminous paint to 
prevent the moisture reaching the concrete. As the scaffolding used in the 
construction of the shell is moving z upwards fairly rapidly, to avoid heavy ad- 
ditional scaffolding costs the paint has to be applied while the concrete is still 
green. - Not many stand to these conditions and great care must 
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be taken in the selection and application nofa paint. “of: a large ‘numbe 
tested by Parkinson(2) only two proprietory brands were found to be satis- 


and these are now ‘specified where painting of cooling towers. is 

quired. = for th 

vo Design of Ring Beam and | Tower Legs 4 


‘The ring beam is the intermediate portion between the tower legs and the 
main 1 portion of the shell. _ The thickness of this ring beam is sometimes rtit 
gradually tapered from the bottom, where it has to be thick enough to accom- agi 
the tower legs, to the 4- 1/2" or 5" of the shell. In other designs the 
ring beam is made of constant thickness with an abrupt transition to the shell. 
- The stresses set up in the ring beam may be calculated from deep beam theo- 
ry. _ The load on the inclined legs of the tower is made up of the dead load of a) 
the shell and ring beam together with the shear and vertical wind loads ob- | 
_ tained from the membrane theory. The tower legs should preferably be in they 


_ same line as the shell. Sometimes however, where space is limited, the incli® | 


nation of the legs is changed to produce a smaller pond as in Fig. 7 Tower B. — 
In this case tension is set up at the change of direction and although it is here 
possible to insert sufficient steel at this point to take the stress there is some the d 
danger of cracking taking place due to tensile stresses in the concrete. This ae 
danger can be overcome by changing direction gradually instead of abruptly, appe: 
_ the length of the curve being such that the tensile strength of the concrete is § was | 


exceeded. ‘This is shown in Fig. 7 Tower C. 
-~ a The load at the base of the tower legs can be taken on the pond wall acting int 

as a lower ring beam or on independent footings. 
_ ‘The spray from the circulating water tends to evaporate cal the tower J the 


tinua 
legs leaving concentrations of salts which sometimes cause deterioration of 


of tir 


the concrete. © To allow for attack of f this kind t the legs should be designed with® ees 

adequate | cover, the strength of the concrete in this cover being neglected in § ond | 

the stress calculations. If there is much sulphate in the circulating water it § stac! 
is to paint the legs w with | bituminous paint. 
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‘Before | the w: war was universally used as the supporting structure 
for the cooling stack. Due to decay at the joints, however, the timber stacks 
gradually became unstable and the structures have usually had to be replaced | 
once or twice during their working life of 30 years. Owing to the shortage of 3 
suitable timber Gung the war precast concrete ‘supporting structures were — 


compensated for by the longer life. An example of a precast concrete sup- 


porting structure is shown in Fig. 8. 
_ Timber | (Pinus Silvestris) is usually used for the splash bars or lathing 
and a good deal of research has been carried out by the C.E.G.B. and the © 
timber treatment firms into the cause and prevention of decay. Suitable water 
borne preservatives which combine with the timber to form insoluble salts pe 
have given results which promise a considerable extension of life to cooling 
tower timber when used with the necessarily high degree of impregnation. _ “a 
_ The other approach to the problem of packing decay is the use ofa . packing ~ 
which does not deteriorate. Glass lathing has been investigated and a highly | 
efficient tower using this material could no doubt be constructed. However, 
there is an understandable reluctance to use glass on a big scale because ~~ 
the | danger of breakage and falling lathing. 
_ Asbestos- ~cement sheets as a packing material have also been studied and 
appear promising. © An experimental packing of one layer of corrugated sheets 
was installed in a small cooling tower in 1945, again stimulated by a shortage 


| of timber. As insufficient depth had been provided this tower gave adisap- ~~ 


pointing performance but the packing has stood up to cooling tower conditions © 
very well, no sign of deterioration having occurred in thirteen years of con- a 7 
tinual use. Recent analysis has shown that with a double layer of corrugated © 
asbestos sheets a most efficient tower should be obtained. A tower to this 7 

b design is being installed in association with a 120 MW set at the present time P 
and should be ready for testing in 1959. Although the asbestos- -cement cooling — 


stack was expensive compared with a timber stack for the same duty, the a 7 
smaller size of tower required brought the total first cost — “hy of the ra * 
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cooling tower design with the conventional timber stack. 
i | rt towers using one layer of flat flat sheets have also been built in Germany } 


me The asbestos-cement packed tower (together with some modern develop- § are I 
ments in timber packing) has its stack enclosed entirely in the shell, the | tower inter 
- beneath: the air opening being empty except for the columns. supporting the _ 

= _ This has the advantage that the cooling takes place in counter-flow and§  pato: 

enables the thermal design theory t to be employe ed with greater accuracy than a sta 
when some cross- -flow takes” place. This does not imply that the performance ‘This 
of mixed flow towers cannot be assessed, asa great dealofempirical fecti 
_ knowledge has been gained | from past experience, but it is simpler to predict As t 
“the of innovations ina All counter - -flow towers de- 


Chil 


— colt weather the droplets in the outer periphery of the tower tend to 
freeze, icicles build up on the packing and sheets of ice form which can 
damage the packing and obstruct the air flow. In most to towers anti-freeze z 
systems are now installed so that hot water can be drawn from the inlet pipe 
and sprayed over the periphery. A considerable quantity of water is required 
: in 1 really cold weather (probably about 25% of the circulation) and in some 
eee 
cases the ‘capacity of the anti-freeze system has proved insufficient. an 
| ditional water can usually be obtained in a centre feed tower by opening the a 
& 4 ends of the distribution pipes whereupon the water will run down the tower — i. 
on to the periphery of the stack. Sikes for the ce to ba 
If a counter-flow packing is employed there is no hold for to whe 
on and serious icing is to occur. 


During the n of a a small peepection (about 1%) of 
the circulating water is continually being evaporated and has to be replaced. 

The salts in the water are left in solution and if the water is not purged 

- concentrations will be reached at which precipitation will occur in the form | 

_ of scale. Additional make-up water is therefore required above the evapo- 

ration loss, the surplus usually spilling over the purge weir to waste. j If the 
_ purge quantity is twice the evaporation loss the concentration of salts cannot — 
_ increase to more than 50% above that of the make-up water. Chlorination is 4 
also required in certain circumstances to keep algae fr from or on the q bol 


= 
«iy: 


_ Where an siileidintan saben: its heat solely to cooling towers and the make 

bs water contains silt which may cause abrasion to condenser tubes, the cool- 
ing towers ponds form a useful settlement area. i The ponds are therefore de- 

‘signed so that a reasonable quantity of silt can be collected and removed. 


__ Where a | limited cooling source | is supplemented by towers and the water 


the diameters. ‘Water falling from the cooling stacks will then wash any silt 
; into the outlet troughs at and er iis the settlement in the ponds toa minimum. — 
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Spray Eliminators 

droplets of water produced by the and the cooling stack 
lop- § are picked up by the rising air-stream and can create a public 1 nuisance if not 
> tower intercepted. The problem was not tackled effectively until the nationalisation 
he § of the British electricity supply industry in 1948 when a large number of elimi- _ 
nator screens was examined in a test tower and the most suitable selected as 
a standard e eliminator screen to be employed in power station cooling towers. 
This double layer louvred screen shown in Fig. 9A is low in first cost,  ef- 
fective in practice and has the low pressure drop of only three velocity heads. ad 
As the | column of air inside the tower is lightened by the elimination of drop- 
lets no deterioration in performance is produced by the introduction of an 
eliminator screen of this type. An account of this work has been by 


oe new development has been the asbestos-cement eliminator screen shown _ 
in Fig. 9B for which a British patent is pending. This is more effective, has — 


a lower pressure drop, and is more durable than the timber screen, oat is 
rather more expensive in first cost. 


that the duty D of a tower is ‘approximately — 
constant over its normal range of operation and is related to the tower size by 
— an efficiency factor known as the performance coefficient C as follows: ™ 
where A is the base area of the measured at pond sill H is th 
height of the tower measured above silllevel. 
The duty coefficient may be worked out from the formula 


_ where Ah is the | change in total heat of the air passing ail ae the tower, , AT 
S is the change of temperature of the water passing through the tower and W,_ 7 
= the water load in lb/hr. The air leaving the e packing inside the tower | is = 

» 


sumed to be saturated at a temperature half way between the inlet and outlet 
- water temperatures. A divergence between theory and practice of a few de- 
grees in this latter assumption does not Significantly affect the result as | the 


- total heat and not - | the change of temperature alone mes 

Example 


a4 
Temperature of water to tower 82 Fe 
re de- Temperature Range AT = 
5167 Fe 


Aspirated wet bulb air 
ater to ‘Tover W, 


38.2 million lb/hr. 
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“region of 5.2 where water loadings a are over 750 ‘lb/hr ‘ft. though new types 
packing are bringing this down, i.e. improving it. 
Pit Taking a C value of 5.0 and a tower height of 320 ; ft. the base area of the 
tower will be 55,000 x 5 » 5 } /320 = 34,600 sq. ft. - This: means that the 
internal base diameter at sill level will be 210 ft. A ratio of height to base . 
of 3:2 is normally employed. 4 
In order to find how a tower of any given duty onelticient will perform under 
_ varying conditions of air temperatures, water loadings and temperature ranges 7 
Eq. (7) has been plotted as a nomogram in Fig. 10. 
oo. more detailed version of this nomogram or performance chart may be © 
. modified for a particular value of duty coefficient and included in the specifi- - 
= for a cooling tower. _ After the tower is constructed it can then be test- 
ed within the specified range of conditions and its success judged from the s 
— lation between the recooled temperature attained and that shown on the nomo- 
gram for the air temperatures, water loading and temperature range imposed 7 
‘The C.E.G.B.’s present practice requires the guarantee to cover water : 
— between 90% and 110% of the normal water rate, cooling ranges be- ; 
tween 2° F below and 2° F above the normal cooling range, atmospheric wet 4 aT 


bulb temperatures between 40° F and 60° F and humidities between 50% and 

is practice to measure the air temperatures at 4 ft. above 


ground with an aspirated psychrometer and on this basis towers — to 
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entering the tower actually comes from a higher level than this and the 
draught is affected by the air density up to the top. of the tower it is evident — 

“ that the more consistent results may be obtained by taking air temperatures — ¢ 
ma higher level. The results of two tests taken on one tower are shown in 4 


"Table work is continuing on these lines but any rapid change in test 
- procedure is undesirable as most of the test data available have been based on 


fh the old method, and the ambient temperature records have ¢ also been taken at 


a standard height of 4 ft. above the ground. Owing to the variation in measured 
tower duty it is advisable for the tower performance to be assessed on the : 


_ average duty attained on a a number of lena spread over the range of ofthe 


Wind does not appear to affect the performance of towers significantly, but 


- tests are specified to take place when the wind | velocity is less than 15 m.p.h. j 3 

Towers are tested for not less than four hours with. steady operating - conditions 

4 and the test period is taken as the hour in which conditions are most steady. JJ 

>yi If the air temperatures are rising or falling the hold up of water in the pond - 

Readings are taken every yfive 

“minutes and all instruments have to have been calibrated not more than six _ 

_ months before the test. Water flows are usually taken by pitot tube traverses 

of the conduits, but venturis, and balances across the condenser 
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‘the: ‘spacing employed and the relation te: the rest ¢ of the plant. “Towers a are Q : 
normally spaced with one and a half internal base diameters between their ae 
centres at which spacing they do not appear to influence each other significant- 
ly, but further work into this problem is being planned. 
€ Selection of Cooling Water er Duty 
eaten of cooling tower duty cannot be treated in isolation from the © 
rest of the cooling system. Any change in cooling water quantity will be re- 7 
flected in the temperature range through which the cooling towers have to re- ~ 
cool the water and these variations will have repercussions on the capital cost | 
of the other circulating water plant items, namely, condensing plant, cooling — 
water pumps, pipework and valves and also on the cost of pumping the cooling 4d 
water. This means that the investigation should not only | - establish the ap- Pei — 
propriate cooling tower duty, but also the economic water quantity and gh tit wy 
temperature levels for the complete condensing system. = = 
; ‘The factors to be taken into account in assessing the most economic tower 


duty are (a) atmospheric temperatures, (b) load factor, (c) turbine exhaust 
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tmospheric Temperatures 


aan In Britain the atmospheric temperatures do not differ appreciably over the 
general arene where adequate fuel supplies (and loading) relatively close 
wher The 
temperatures ; can, therefore, be | averaged without seriously prejudicing the | 7 
result of such investigation. To take an example, for medium load, i.e. 2-shift 
_ operation cooling tower installations, the « dry and wet bulb temperatures based 
on a daily period from 6 a.m. to 9 p.m. are significant, and Fig. 13 shows the © 
- monthly average of the returns from 13 meteorological stations over a period 
of 50 years. When n considering an installation remote from these general e 4 


areas of development reference can be made to the local meteorological > 
The plant load factor may also vary and should be given caiieaialie: re 
"Britain the . problem is simplified in that machines are expected to be ‘block * 
_ loaded which means that partial load conditions can be ignored. The average 
load factor can usually be predicted on an annual basis, but this s should, ‘if a 3 
more accurate solution is to be obtained, be broken down to a monthly basis. 
The shape of band load curve is, of course, significant because the most eco- 


a "generation is “concentrated in c one 1e period or spread out o over r the y year. “Fig. 1 14 
shows the average factor for a medium load installation, 
‘The turbine exhaust characteristic establishes the performance tes 
any given vacuum. Fig. 15 shows the vacuum correction curves at full load | 


for two 120 MW turbine exhaust _— the dotted line being for the one with 
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2. “ per inch Hg. for the small exhaust, but there is very little og ts 
in performance with higher vacua. ‘The large exhaust on the other hand, has — 
an average rate of loss in performance . for vacua below 28. 9" Hg. of 3.4% per a 
inch, but there is considerable improvement in performance with higher > 
vacua. It will be noted that it can be quite misleading to assume a constant — _ 
‘rate of change in performance with variation in vacuum in order | to simplify op 
the economic assessment and furthermore the particular turbine vein de- " 
| has a dir direct on the economics of the cooling system. av 
roce ure 
i The e method of establishing the economic cooling tower si size can an perhaps A 


“183, 000 pounds per minute assumed. The total heat ‘rejection from the is 
chine was known and the cooling water temperature range (T2 - - Tj) could be 


established for the various water quantities, be and ey _— the condenser > 


=r ranges, in n order to establish ice use of the performance «vol 


(Fig. 10, the averaged monthly re-cooled water temperature okt These tempera- 


| tures are shown in Table 2 for Tower No.2, = = | as - wily 


_ Three condensing plants were taken into account and w were . designed to ‘ates 
with each of the three cooling water quantities and have the necessary heat 
transfer surface to give final terminal differences (Ts - T2) of 6°, 10° and = 
14° F, Tg being the vacuum steam temperature. The monthly averaged a 


cooled temperatures, and the condenser overall terminal mewans (T3 - T) 
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When the averaged monthly vacuum was established the differential vari-_ 
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i t tity. 
re established tor each permutation of cooling tower size, water quanti 


appropriate differential pumping costs included in the 
with the differential values of turbine performance, and the differential capital 
oe The cooling systems incorporating condensers designed for a terminal , 
difference (T3 - T2) « of 6° were found to be the most attractive. a | aA Zz 
_ The differential total costs of these systems are shown in Table 3 and in 
Fig. 16. A cooling tower duty D in the order of 60,000 was found to be the e. 

i This brief outline of the procedure . for establishing the economic ccooling 
tower size is based on an installation having no other cooling source than cool- 7 
ing towers, , but in some locations it may | be attractive to use a small river a 
and supplement its cooling capacity w with cooling towers. Under these circum- _ 
stances the same approach is made to the problem, but the calculations be- a. 


of the direct cooling source have to be taken into account. 
_ In Britain the complete power station has generally been planned trom the 
outset and the cooling water system has been fully interconnected so that any 
combination of cooling towers and pumps can operate with any condensing | a) 
plant. This has been justified on the grounds that when a machine has been “Ca 

out of service the improvement in performance with the remaining machines, 7 

due to a better vacuum with all cooling towers in operation. or reduced pt pump - 
ing power when relatively low re-cooled temperatures have been ee “a 
outweighs the cost of the interconnecting piping and valves. The effects of 


this feature, however, are not of a sufficient order for it to be n necessary to: P 


take them into account in the initial economic study. Pe ih ya Ges 
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As s the modern n natural is relatively large structure 
lie may be necessary to consider a group of towers from : an aesthetic point of 
a _ view and Fig. VW is included to give some indication of appearance = a cooling 
ben 
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N POWER- PLANT COOLING TOWERS a 
a: A. Scarola,! A. M. ASCE 


ABSTRACT tas 


iene cooling towers and discusses the civil engineering aspects of the present- 

ly accepted mechanical draft towers. Some of the problems encountered, the a 

: present materials of construction of the a and the basin design and — 

struction are outlined in| this paper. 


Se 


_ INTRODUCTION 
Cooling Towers are an important, and in many installations, an indispensa- 
ble auxiliary ofa steam- -electric power plant. _ The great industrial expansion 
in our r country has made 5 prime site locations along rivers and large bodies of 
water more difficult to find. Extensive studies are currently being conducted - 
to determine the effect, if any, of warm water discharge on fish life in rivers : ; 
and lakes. ’ Some states are enacting regulations to control pollution and heat 
rejection into these natural bodies of water. Such enactments may restrict © =" 
the use of f once-through cooling : apenne in future extensions: to to existing in- A 

g me Cooling Towers permit modern power plants to be built closer to load 
‘centers where a limited supply of ground or surface water may ex exist. Although " 
“costly in maintenance in the past, the reliability of cooling towers has been oe. 
proven by the experiences in many installations which depend solely upon a - 
‘system of this type for their circulating water cooling. 

een This paper generally reviews the development of American powe power- r-plant | t 
cooling towers and discusses the civil engineering aspects the construction 


7 : Discussion open until March 1, 1960, To extend the closing date one month, 


F _ written request must be filed with the Executive Secretary, ASCE. 4 Paper 2228 is a . 
— part of the copyrighted Journal of the Power Division, ‘Proceedings of the American 
Society of Civil Engineers, Vol. 85, No. PO 5, October, 1989. wa) 
‘Pria. Engr., Ebasco Services Inc., , New York, 
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History 


In 


“The development of the present day cooling tower is the result of the pro- ing the 

- gressive evolution of the following methods used to cool large quantities of -film-ty 
above. 


Spray- Cooling Towers 
3 Natural-Draft Cooling Towers 


tower 

Large 
One of the earliest methods of cooling water was to permit the water to. 5 traffic 
= into an open area or pond. In many installations this cooling method is | charg 
still utilized, however, large areas are required to expose sufficient water =), 0.0), 


surface for effective cooling. Spray- type cooling ponds followed open ponds. electr 
The sprays created additional water surface and reduced land-acreage re- “al | a 


-meché 
quirements. However, larger quantities of make-up water were required as 


_ the smaller water- r-droplets were wind-blown from the pond. fu In order to con- _ 
tain the water- -droplets and to protect nearby equipment from damaging effect er 
of this carry-over, louvered fences were installed around the pond; thus the to per 
_ development of the spray ~type cooling t tower. The louvered walls were at locati 

carried higher to take advantage of the natural-draft effect of warm air rising “the ot 


through the tower. In addition, horizontal layers of wooden strips, now re- 
ferred to as packing, were installed within the tower structure to further en- 
. large the water surface by breakup. _ These innovations resulted in the de- 

4 velopment of the natural-draft tower. The natural-draft cooling tower Ren. . 


th 
q oo was made up of a structure with louvered walls and many layers of wooden - 


graph 


"packing in the interior. Warm water was discharged into the upper area of 

q the structure and fell through the tower, striking rows of packing and finally 

1 Increasing service requirements called for m more reasonable tower sizes. 
resulted in the development of mechanical-draft towers which employed 
4 motor-driven fans to induce a forced-air circulation of higher velocity. ‘The .! 

’ first mechanical-draft cooling towers were of the forced-draft type with the 

_ fans placed at ground level blowing air into the sides of the tower. The entire 

4 top of the structure was open to the air-vapor discharge. . One of the major. : 


drawbacks of this tower was the low exit velocity which permitted moist air 
to recirculate back into the fan intake, thereby reducing the efficiency of “a 


_ Present practice in this country favors induced-draft cooling towers which : 7 


pa the fans placed on the top of the tower. The air-vapor mixture is dis- | 
charged through a fan stack at the top of the tower. By comparison to the t) 
-forced-draft tower design, the moisture-laden air is discharged higher into 
_ the atmosphere thereby dispersing at a greater distance from the tower. __ 
- Fig. 1 shows a sketch of a typical forced and an induced-draft cooling tower. 
- Mechanical- draft cooling towers are further classified as to the air-water 
flow direction (cross- or counter- -flow), and packing design (splash- or film- 


Ba Pawan the air is introduced into the tower below the packing, | it is S known 


wie 
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ing the water flows over the wethed surfaces in a thin continuous fim. This 
film- typ packing generally has an eg ege-c rate a when viewed from 


In large cooling- -tower installations careful consideration must be given to. 

tower orientation with respect to prevailing w winds to minimize recirculation. 
Large air flows are required to carry off the discharge vapors and occasion- 
cally this moisture- ‘laden | air induces fog which may interfere with automobile 
traffic, railroads or airport activities. In addition, the drift particles dis- 
charged from the tower can be very corrosive to adjacent operating equipment. 
i In cold weather the vapor-laden air can form ice deposits on equipment, Jz 
electric transmission lines and roads. Drift eliminators are provided in all 
_mechanical- -draft cooling towers to: reduce the le carry-over of entrained water 

Large structures or obstacles in the cooling-tower area should not 

be overlooked when locating the tower. The cooling tower should be located — , 
to permit unobstructed air flow to it and free vapor discharge from it. Saal - 

locating more than one tower in the area, the recirculation from one tower to { 
‘the other must be considered. The tower spacing should be sufficiently wide — 
and i the towers oriented in a direction to minimize recirculation. A photo- i>. 
graph of the va vapor discharging from an induced-draft cooling tower, with no — 
visible recirculation, is shown 

In | some instances high- -stack cooling towers have been successful in de- 


p 


creasing fogging and recirculation problems by dissipating the vapors into the _ 
atmosphere at higher elevations and somewhat greater velocities. _- 
cooling towers may be of the forced- or induced- -draft type a 

stacks extending approximately 120 feet iaee grade. 
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_ The use of special material or protective coatings on operating equipment 
of the tower and adjacent structures may be necessary to minimize the cor- 
_rosive effects of water treating chemicals deposited by carry-over j 
z& When possible, electrical equipment should be located upwind of the tower 
anda sufficient distance to decrease the detrimental effect of spray deposits. 
b some installations, polyvinyl chloride or other special materials have been 
used for electrical conduit and fittings installed on the tower, while in other 1 
cases the conduit has been enclosed in wood troughs for protection dd treatir 
-Circulating-water intake pumping equipment and structures installed adjacent lumbe: 
_ to cooling towers usually reqere more maintenance than i if the equipment is and ce 
placed remote from the tower. Forced-draft towers have the advantage of 
the fans being placed out of the path of vapor-laden air which usually lowers 
“maintenance on the mechanical and electrical equipment. 
gained by manufacturers on operating has made 
"available various materials of construction. The goal of achieving maximum 
Brscey re with increased cooling-tower life has opened the field of materials 
“used in towers from primarily redwood construction to asbestos cement, : 
“f plastics, ceramics, fibreglass and concrete. The following is a brief de-_ 


scription of some of the materials used in in hoes various components of the © 


Pun 


Various stack shapes are used to increase fan efficiencies and regain 

velocity head losses. The material most commonly used is redwood of tongue 

_ and groove construction banded together by suitable hardware. - Prefabricated 

sectional wood panels are designed to permit volume production thereby 

~ lowering field installation costs. Masonry, tile, metal and fibreglass materi= 

a als are also used. The excessive corrosion problem at the fan stack has dis- 
in the us use of uncoated ferrous metal. 


Drift 1 


shown this section of the tower to be susceptible to excessive deterioration. 
- This portion of the tower should be sectionalized and easily | accessible to % 


ORAFT COOLING ToweR 
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| ‘The optimum eneienie design is that which is long life, gives the greatest 
possible breakup of water for the least material and permits the greatest air 
flow with the smallest fanhorsepower, 
Some. engineers believe that a heavy packing of at least 1-inch thick lumber 
should be used in cooling tower construction as the packing is subject to physi- 
cal erosion as well as chemical attack. Others indicate that with proper water 
treatment thinner packing can be used. Heartwood Redwood and Douglas Fir 
lumber untreated and treated, are generally used for this service. usec lids 


and ceramic packings are also available 


to prevent sagging or misalignment which could cause water channeling and a 


an Redwood — is normally u used for the e structural frame. _ The Cooling 

Tower Institute has published a set of specifications for this species of lumber 
in cooling-tower applications. | These specifications define the various — 
of redwood lumber and specify framework design data. eT —. 

In conventional towers of multicell construction, wind loads are of major 
concern. _ Manufacturers usually supply a standard tower designed for 30 See 
‘pounds | per square foot wind load. A well- -planned bracing system that is con 
patible with the fill arrangement and positive in the distribution of wind shea ; 
loads” to the foundation is an important requirement. It has been found that 
‘some manufacturers divide the longitudinal wind loads, on multicell instal- a 
lations, by removing a portion of the wind load at the windward side and carry | 

ther remainder to the leeward side; this redistribution of loading in the og 7 


Connection of the tower intermediate columns to the longitudinal struts 


each column to. carry : a portion of the wind shear load to the basin floor. 

though the interior column bases may not be fastened to the basin floor, the 

dead and live load on the columns will allow them to transmit wind shear to 

the basin floor through friction. It is therefore possible, in multicell con- 

struction, for these wind forces to be carried through the bracing to the ca a 

dation in the cells closest to the windward end. Some design engineers are of © 

the o opinion that the full wind load should be considered acting on the entire i 

windward face of the structure, with the load distributed within the first two 

cells o1 on the windward end. In addition, no more than possibly three consecu- ae 

tive cells should be unbraced in the ee direction for increased me - 

Earthquake, snow loadings or | other are incorporated 

| in the frame designs by tower manufacturers when requested. Earthquake = 
and wind loadings are usually not considered as acting simultaneously. w For 

=» members subject to wind or earthquake loading, the allowable stresses are 

normally increased by 33-1/3% over the normal allowable working stresses. 


| No increase in stress should be -load conditions. 
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Pr es used. The primary purpose of the outer wall is to cover what might The 
be an unsightly appearance . of discoloration caused by water leakage through | 
- the inner wall. It is important to properly ventilate the space between the © 
as to prevent decay. The casing is sometimes factory preassembled to a." 
take advantage of more economical construction. _Masonry enclosures are 
_ _ Experience has shown that the negative pressure or suction at the leeward qd selecti 
side of the tower should be carefully considered in the design of the casing. — steel a 
-- designers are of the opinion that approximately 20 pounds per square variou 
‘Fig. 3 shows the erection of the framing and casing on a partially complet- ea 


in type of materials for the water versia 

_ system. Internal or external piping arrangements are available consisting B specie 

- steel, cast iron or woodstave pipe. The nozzles and distributing orifices ei treate 

a — order to gain full effectiveness of the tower, water distribution should be Wood 
uniform. _ There are e many means of distributing water over the tower, such lith, C 
a as spray pipes, troughs or pools. Control of water distribution to individual favoré 
cells is usually ‘accomplished by gates, valves, orifices or weirs. in the 
very some 

Ch 
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ail The mechanical equipment is subjected to strenuous duty and should be able 
to withstand severe corrosion. _ Present day fans are made up to 22 feet in 
diameter which employ 125 horsepower motors. rs. Aluminum, | stainless steel F Tk 


monel are c ly used fan material peer throu 
ommonly used fa a als 
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with « some 1e form of corrosion protection. . Reinforced concrete is also used — rie. 
for the support of this machinery, = © den, 

The supports for these large fans should be carefully designed t to — oo 
‘shaft misalignment and to keep vibration to a minimum. = Car ee ah 


Experience and service application are an important consideration inthe 


‘selection of the hardware and frame connector material. Bronze or galvanized 
‘steel are commonly used. — Caution should be exercised to insure that the Atl 


various materials used for connectors and hardware are > compatible to avoid 


species of treated timber could be utilized in place of redwood; also that ih 
treated wood has withstood the test of time in some applications. . Others indi- 
cate that the treating compounds are leached out of wood by the cooling water. “i 
Wood preservatives that have been used for this service are Creosote, Erda- — 
lith, Celeure, Chemonite and others. The climate in a cooling tower is very = 
favorable to fungus deterioration. This biological attack is more noticeable 

in the drift eliminators and the fan stack zone, and most engineers: ee oat 
some treatment is necessary in these areas. cr Ms 
Chemical attack may take place when the is or con- 
tinually wetted. Many feel this type attack can be controlled lled by proper ical 


Basin sin Design zn and | Construction 


__ The basin area sho should be large enough to collect all the ‘te falling 
Prt the towe: er. ‘Sufficient volume of water should be provided in the basin © 
to meet emergency situations that n may arise. A break in the circulating-water 
conduit or water-distributing system of the tower can exhaust the water ‘supply 
in the basin in a short time. _ Therefore, a quantity o of f water which will provide — 
at least 5 minutes of operation, after such an emergency occurs, will allow _ aa 
operators enough time to shut down equipment before damage can occur. Marites 
Basins, with at least this much storage, will offer additional operating relia- 
bility as there will be enough water for several hours of operation in case of 4 
failure of the make-up water system. 
_ Other factors to be considered in sizing the basin are the hydraulic losses — 


and the effects of the operating water level in the basin on the circulating- a 


water pump submergence. In some installations, the basins are sectionalized af 
for ' cleaning purposes, therefore water volume in the various sections should | 


be carefully sized for the required operating schedule when being cleaned. 3) 


_ Provision should be made in the basin to incorporate a make-up line, . a 


blowdown line and an overflow line or weir. _ The make- -up . system is ceuuiees. " 


to keep the basin supplied with sufficient water to compensate for losses due 
to evaporation and ¢ and drift. is. an element in a 
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dis woport is usually fabricated from 
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installation and special care should be exercised in order to provide a reliablep 


_ make-up system. The blowdown, , which is the wasting of a small quantity of 

- circulating water, is necessary to control the concentration of chemicals in 

the water. The overflow line or weir is usually directed to an area which will 
a off the excess water which has risen above a predetermined level. A 


low-level alarm should be installed in the basin to indicate insufficient or loss 
The large body of available water in the basin is sometimes considered as 
a portion of the fire- -fighting system in power r plants. _ The water in the basin 
can be used as a stand-by to supplement the fire system in case of an emer- © 
a - gency, I however, in very f few installations, if any, is it t the sole source of water 
storage for fire fighting. In colder climates, the cooling-towe er basin of - 
= intermittent duty cooling towers must be drained to prevent damage caused by 
freezing. In other locations, debris may be such | that more frequent shut- — 
downs: are required to facilitate cleaning. 
_ The foundation is an important factor in the performance of the tower and 
pe precautions should always be undertaken to attain the proper design 
In mechanical draft timber. towers s with concrete basins, the ‘soil load is 
generally in the vicinity of 1200 pounds per square foot a most locations — 
: soil loads of this magnitude will not create any difficulties. — _ However, if the 
3 nature of the soil is such that unequal settlements may occur, means must be 
; _ provided to prevent or compensate for the expected amount of settlement. — 
Periodic level readings and inspection with necessary adjustment of the sup- 
__-- porting structure should be instituted if expected settlement is considered to 
ro be within practical limitation for adjustment. : However, if the magnitude of 


=— settlement is beyond this scope then preloading, densifying the sub- 

om, or the installation of piles should be used for satisfactory support. | 

a Excessive unequal settlement can cause cracks in the basin w walls ‘resulting 

in water leakage. ‘The tower structure can be ‘seriously weakened by unequal 

~ settlement as distorted structural members will not distribute their ra 
tated thereby overstressing other members and id causing failure. 


— tower basins are usually constructed of concrete, however, basins | 
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_ -... wood, steel and earth-lined construction have also been employed ome 


fully, depending upon the geographical location and size of tower. a 
aie. _ When concrete construction is used for the basin, the mix should be de- § 
~ signed and controlled to attain maximum density and low permeability. In 
_ this manner, maximum water tightness of the basin walls and slab may be ob- 
tained. The ‘bottom of the basin should be carried to a depth below the frost _ 
:. “line. _ Design practice has been to use a concrete mix which will resultina ~ 
a 28-day design strength of 3000 pounds per square inch. Sufficient reinforcing 
| steel should be used to meet design conditions. Reinforcing steel should be 3 
e =! "placed so as to have a minimum of 2 inches of concrete cover over the steel. 
nis _ The basin usually consists of a continuous flat ‘slab with re 2 joints: 


traction. Water stops of metal, rubber, or plastic should be used at all joints | 


and made continuous, with all splices and corner connections properly jointed. 
a All expansion joints should be filled with a resilient- —_ filler material. Ih 


joints will facilitate construction and allow for expansion or con- 
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lt installations, the basin s slab | is normally about 1 foot thick and sloped to 


a sump or low point to facilitate draining and cleaning when necessary. 
‘The walls are normally 5 to 6 feet in height and approximately 1 foot thick. | 
The wall is usually of sufficient height to include 9 to 12 inches of freeboard i” _ 

above the maximum operating water level. _ Construction and expansion joints 

‘should also be provided in the walls. A sketch of aconcrete basinfora 

_timber-type mechanical-draft tower is shown in 4anda Photo- 

. concrete basin design for th the ceramic - -type tower is considerably more © 

extensive than for timber towers because of the weight of the materials used | 

_ in the tower construction. Unequal settlement of the basin is more of a con- aj 

cern with this type tower as experience in other applications has shown that — 
“an improper foundation supporting tile or block construction may create a a 
very poor appearance by cracking. Expansion and joints a are 

Other types of material and construction. practices have been 
' for tower basins. The structural members of the towers can be supported by | 
individual concrete footings properly designed for the soil conditions en- 

countered. ‘The water containing basin would be then formed in an earth en- 

closure lined with asphalt or gunite. _ The lining may consist of poured-in- 


place asphalt or asphalt sheets. _ Asphalt sheets have recently been gaining 2 


wide acceptance for this type of construction. subgrade should be well 
compacted and rolled, after which a weed killer is applied to the prepared sub- | 
grade before placing the lining. All column footings s should be treated with a 
asphalt primer before placing the asphalt. This primer application should be wa 
carefully placed against the footings to secure a firm bond to reduce leakage m2 


All anchor bolts or inserts should be accurately set in the concrete to mini~ 


mize field adjustment of framing for proper fit and bearing. Selection of the — he 
type of material used for these anchors is of the utmost importance as the — 


corrosion action on the exposed portion of the anchor bolts has been very __ 
severe in some | — » This can create a — = annoying problem of 


‘Te lacement. 
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- areas will _— dictate the economics of the type of design to be used in the sary t 


The basin outlets are county provided with a system of screens to eres 
leaves and debris out of the circulating-water system. Normally, the screens 


are kept clean by periodic hand- ~raking : and the debris is carried from the 


muc of tim! 
_ deck of the outlet structure. A means of isolating the tower from | the | = ; immer 
ser Ta -water conduit is included in this structure in case unwatering ¢ of 


either is rr. Slide gates or stop a are normally used for this tax 
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FIGURE 6 - TYPICAL STOP LOGS 
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‘The location of the circulating- -water pumps, for respective installations, _ ¥ 


depends on factors such as tower arrangement, type plant (basement or grade), ~ 4 
type pumps (vertical or horizontal), pumping costs and circulating-water con- | 
duit economics. Evaluation of the above factors has resulted in pump lo-— 
cations either at the cooling tower or at a remote distance from the tower. ' 
Fig. 7 shows a sketch of a typical basin intake structure when circulating- — 
water ] pumps are remote from the tower. Fig. 8 shows a sketch of an intake 
structure with circulating- ~water pumps adjacent to the cooling- -tower basin. 


sides of the basin. If the pumps are e placed in the intake chamber adjacent to ; 
the tower, , care should be exercised in the design of the transition from the 7 
tower basin to the pump chamber. the combined pump and intake 
| design, a greater depth of structure is usually required to give sufficient sub- : 
mergence for the circulating-water pumps. © In order to keep turbulence at a 
minimum and obtain a uniform water flow at the pump chamber entrance, ao 
velocities should be maintained. In addition, baffles may be required to ef-— >- 
fect proper distribution of water to the pump chamber. It may also be neces- _ 
sary to provide a means for directing the flow to the tunnel or pump chamber — 
| when part of the tower is shut down. Fig. 9 isa photograph of a cooling tower gq 


Iti is important that fire safety measures be taken during the Ng 

_ of timber cooling towers. Combustible waste materials shouldbe removed = =~ 

t immediately and “No Smoking” regulations enforced. Strict control of f welding 

of operations or flame cutting is also necessary. 

Some plant operators are of the opinion that an operating tower is inherent- 


y protected as its ‘many portions are flooded. However, it is possible ele : 


FIG GURE 7 TOWER SCREEN CHAMBER 
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_ strong winds to dry out the windward sheathing ev even 1 though the tower is oper 

- ating, therefore care should be exercised at all times. During shutdowns, it 
is necessary to take extreme precautions against fire as most tower 


Ground areas around the towers should be | kept clear of wena: brush or ee 
other easily ignited materials. 
‘Some type of hydrant or sprinkler system should be installed around the __ 
‘Trends 


— 


* 


Cute tower manufacturers 2 are continually attempting to develop a more 
lasting product within economical boundaries. High maintenance costs, with | 
_ the earlier design towers, has resulted in a present trend toward more perma- 
_ nent materials of construction. 4 However, ‘not all of these materials have yet 


Hi reached the competitive price stage. Future improvements in design, fabri- 
cation and construction methods should help remedy this situation ion. 


- European design of the natural-draft hyperbolic cooling tower. There is much 
to be said in favor of this long-life all-concrete structure. | Detailed design 
studies a and cost investigations have been made of this tower recently by sever- 


al tower manufacturers for installations in this country. Although these 
concrete towers have a higher initial cost than the conventional all- redwood 
— recent studies show their over-all economics to appear attractive in — 
certain situations. They reportedly possess the advantage of complete vapor 
dispersal aboveground, lack of fan noise and no recirculation. One may well 
"predict that we will soon see some natural-draft hyperbolic cooling tower — 
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author wishes to express his to Mr. M. W. 

7 __ In addition, appreciation is due several of the leading Cooling Tower 
“manufacturers for their ‘cooperation in supplying ‘construction data. 
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Montgomery Dam-Rock Fill With Asphalt Concrete Deck, by ce 


W. (Proc. Paper 1556, February, 1958. Prior 


Rockfill Dams: Kennedy and by w. a. Huber 
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MONTGOMERY DAM - ROCK FILL ASPHALTIC CONCRETE DECKa 


by G. R. Scott and J. ‘Sherard 


— 


nothing of importance to add relating 
the design of the structure. This discussion is submitted primarily to record ; 
the behavior of the dam with regards to settlement and horizontal movements — 
after having been filled two times and to describe briefly, the effect on the as- - 


-phaltic concrete membrane of one complete cycle of filling and emptying of — 


fo The rock fill was: completed in October 1956, the asphaltic concrete mem-— 
brane was placed during the summer of 1957 and the reservoir was filled in 
1958. It was emptied during the winter and was filled again =" early “July in 
Bench on the crest of the dam after 
‘of the rock fill in October, 1956 and levels were run again in June of the fol- 


bench marks were destroyed during the installation of the asphaltic 
_ membrane in 1957, but others were established at the conclusion of the work a 
from which subsequent measurements have been made. . These final bench 
E marks were not at the same locations as the earlier ones and the settlement 
values of June 10, 1957 shown in the tabulation have been adjusted from the 
othe | measurements to conform with the stations indicated. 
‘The horizontal movements have been measured from a series of reference ¥ 
: points on the tops of the steel posts supporting the upstream parapet. Obvi- — 


ously such points are not ideal for the purpose of measuring the true > horizon- 
‘tal movement of the dam as they will reflect as well the amount of any tilting 
experienced by the post. However, the fact that the measured displacements — 
have been small and that the upstream wall is not distorted is evidence of ois 
very little horizontal movement of the dam itself. 
_ The bench marks are designated by station numbers along th the axis of the 
dam. Station 5+00 is at the extreme south end of the dam. The bench mark 


= can 


at 7+95 is at a point where the fill is 62 feet deep; the point of maximum fill _ 

(113 feet) is about station 13+00 and the depth of fill at station 21+45 is 35 feet. sy, 

| The depths of fill at the other bench marks may be approximated by assuming 
uniform slopes between the end bench marks and station 13+00. let rll 

‘The results of the measurements are given in the two following g tabulations, — 


made in 1958 and 1959 were ‘made at practically full 


“Paper 1556, Feb 1958, F. W. by 
Black & Veatch Cons. Engrs., Kansas City, Mo. 
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1959 before filling for the purpose of estimating the extent (if any) of damage : 
due to ice and to locate and repair any cracks w which might have opened due due to_ 
_ Apparently, the effect of ice on the surface of the pavement was negligible — 
g because the surface sheen caused by the compacting roller appeared fresh and a 
-— at no place was it noticed that any of the surface had been pulled loose by a ad- wii) 
| herence to the ice as it must have broken away and dropped with the water 
- Two short cracks were noticed near the north end of the dam. One was a 
horizontal crack located above the water line, and the other v was a a vertical eo 
4 crack near the top which followed a construction joint. | Both joints were clean- 


7 ed out and filled with material used on highways: in the area. i The asphalt bind- 
solvent. The ageregate was well grated with 100 percent passing 3/4 
mesh. ‘The mix used for purposes contained from St to’ 7 percent of as- 
_ J. L. SHERARD, M. _ ASCE. —The authors have performed a valuable ser- 5 
vice in summarizing for the profession the problems which they encountered 
¥ in the design and construction of Montgomery Dam. The use of a 12 inch thick 


is a considerable break with p past practice. 
a _ The writer’s first reaction when hearing several years ago that ‘this dam ial 
was to be constructed to an eventual height | of over 150 feet with an asphalt up- 
stream face in the high Rocky Mountains was incredulity. has changed 
Setar to respect for the foresight and the courage demonstrated by the fee ‘ 


engineers who have ‘successfully completed this very interesting structure. 

As a result of their investigation, the authors concluded “From the evi- Rs 
dence available, there is good reason to believe that asphaltic concrete, when ys 
_ properly designed, placed and compacted, will be at least as durable as com- 4 


petitive materials for such deck construction.” many engineers will be 
_ skeptical of this statement, their skepticism would be lessened appreciably if 7 


phaltic concrete used at Montgomery Dam. The writer had an opportunity 


| examine a 4 inch diameter core which had been cut from the compacted as- =e | uy is 


F phaltic concrete probably from one of the test sections. This suffered little 
by comparison with ordinary Portland cement concrete in density, hardness 
In their comparison between decks of asphaltic and Portland cement con- 
3 crete, the authors discuss the fact that a upstream zone of hand-placed or ‘e : iM 
_crane-placed rock would probably have been used under a concrete slab. ‘The : 

—— can see no necessity for preparing a better base for a slab of reinforc- 
ed concrete than would be required under the asphaltic concrete slab used. pir 

One of the features of the project which probably had an influence on the bey 
' - decision to use asphaltic concrete, in spite of the fact that there is no direct 


for it, was the fact that the dam retained a 
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| 6 foot diameter outlet conduit, it is possible to lower the reservoir | . ie 
fairly rapidly in the event that an unexpectedly large leak deve 
_ | 1. Woodward-Clyde-Sherard and Associates, New York, N. Y, — 


October, 1959 1959 


phaltic could be on as steep a as ‘LL, 5:1 and would 1 remain. 
stable even if the temperature rose to 140 degrees Fahrenheit. It would be 
_ very interesting if the authors would describe briefly how these “slope- -flow” 


tests were performed. 
It would be interesting if the authors would elaborate in their closing dis- 


the rese reservoir r ‘may have on the > performance | of the asphaltic ‘concrete deck. a 
How thick an ice is ? Will this ice sheet bond securely to 


‘moving the support while the - ice sheet was ; still thick? The writer has ‘seen 
_ relatively large boulders torn out of rock riprap blankets by such action. 
us the laboratory tests indicated the would be 
little added factor of safety and to facilitate In 
between the costs of upstream decks from Portland cement and asphaltic con- 
crete, computations indicated that the cost of the asphaltic concrete was ap- . 
_ proximately 50% of that of the Portland cement concrete. If Portland cement - 
concrete had been used, the upstream slope for a dam of this height could have 


been ‘constructed considerably steeper with a ‘resulting cost advantage in n favor 


of the Portland cement concrete slab. 


In order to assure that no hydrostatic pressures would develop behind the — 


: | ae concrete deck when the reservoir was being lowered, the rock di- 


rectly beneath the deck (Zone 2) was screened to remove all rocks smaller | 


than 3 inches. _ As a leveling course and a base for the deck, a layer of finer 4 


rock graded between 3/4 inches and 3 inches was used. Fig. 7 shows a vibra- 
tory roller compacting this surfacing material. It would be valuable if the ping 
authors would describe the average and maximum thickness of this finer ma finer ma ad | 
terial used directly | under the asphaltic concrete deck. 
_ As stated in the paper, one of the principal advantages of the asphaltic: con- 
po deck was the fact that it could be constructed much more rapidly than a 

Portland cement concrete. ‘slab. It should be pointed out that an upstream face 


of steel plate can also be placed very rapidly. During 1958, a rock#ill dam, — 


for an expansion of their municipal water | storage. One of the principal re- 
ae quirements imposed upon the designers of this dam was the fact that it had to. , 
2 both designed primarily because it could be erected rapidly in wet weather. 
- While its initial cost is higher, the steel plate decking is probably more flex-_ 


ible and better able to follow differential settlements than either asphaltic or 


More than a year has elapsed since the authors prepared the paper. Itis — 
hoped that in their closing discussion they will be able to give some ad 


‘Portland cement concrete and also probably has better resistance e against the 


ms similar ” Montgomery Dam but twice as high | was scheduled for construction © 


all 


dam engineers. 


nal 
_ information ‘regarding the performance of the dam. Also. in the closing para ie 
graph of the paper, it was stated that a hydro-electric project including a dam 5 
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— this standpoint, it seems that the situation was favorable for the trial of the 
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L DAMS: S: KENNEY & CHEAKAMUS 


Discussion by by F. 


1 


L. LAWTON,” F. _ASCE.—The given an interesting 
cupaitate in his treatment of the Kenney and Cheakamus dams, both of the 
rockfill type but varying materially in design of cross-section and especially 
in foundation conditions, Kenney dam being founded on rock and Cheakamus ‘ 

on a 100-year-old landslide. This discussion is to A 


reservoir at el. 2800 being reached August 1957. Pry 
As stated by the author, no seepage has been detected coming from the | 
abutments or through the embankment proper, although the possibility of leak- 
age through the abutments did exist, because of the contacts meen succes- 
sive lava flows beyond the limits of the foundation grouting, 
During construction, two sets of settlement (and deflection) ‘movement a. 
plates were installed. - One of these sets was located in the top of the impervi- 
ous core about 5 ft. below the crest, which consists of rockfill with a gravel — 
topping arranged in the manner shown by the author’s Fig. | 1. The second set 
was located about 3 ft. below the surface of the berm at el. 2785, in the top of 
the sluiced rockfill. first set comprised 13 monuments spaced at 100 
peer intervals along the base line and on a vertical camber or curve of 3.5 _ 


| The second series of 11 monuments in the berm at el. 
2785. 0 was s initially i ina horizontal plane at el. 2782.75 or about 36 ft. below 
Location and other ‘details of the settlement plates: in the crest of the dam 
‘ase given by Table 1, with corresponding data for those in the berm by Table 
5 7 Settlement observations for the crest and the berm have been made on > 
_ seven occasions, with the last in July, 1958. Data is ite by Tables 3 and 4. 
> _ The present settlement of both the crest and the berm monuments : 
has been relatively uniform, percentage-wise . That is, the settle- 


- ment is generally proportional to the height of the rock#ill, at the 
- _ Average berm settlement is about 42% greater than the average — 


3. a Suiowent of the crest has | slowed down and appears to be ‘virtually, 


‘Vice- and Chf. Engr., Power Dept., Aluminium Labs. ‘Ltd., Montreal, 
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ad At the same — as settlement observations were made, measurements | 
_ were made to determine the deflection movement of the monuments in a down- 
_ stream direction, Table 5 giving essential details for the crest and Table 6 
~ corresponding data for the berm. The great majority of the movements are 
in the downstream direction but a few measurements indicate an upstream | 
- movement. _ There appears to be some correlation between deflection and | 
height o of fill. _ The deflection expressed as a percentage of height of fill does 
not vary greatly, averaging x about 0. 36% for the crest and 0. 47% for the berm. 
These fingers represent 67% and 61%, respectively, of the corresponding ry 
"average settlements. The deflections appear to have reached a stable condi- 


decrease between July, 1957, and July, 


Location Elevation settlement vation of 
ce 12-13, 1952 foundation 


Settlement Plate 
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a ¥ _ Observations have also been made to determine whether there has been 
-— movement of the fill in a direction parallel to the axis of the dam, using 
- same monuments as for settlement and deflection. Table 7 indicates aay, 
-measurements of longitudinal movement for the crest and Table 8 correspond-— 
_ ing movements for the berm. Pertinent comments are: 
= . There is no apparent correlation between longitudinal movement ement and 
height of ro rockfill for either the crest or the berm. 
2 " Actual movements appear to be a maximum near the 1 right t abutment 
a and a minimum near the centre. That is, these movements appear .o be 


a maximum where there is a minimum height of rockfill and amin- 


imum where there is a maximum height of rockfill. This appears to be 


logical because the movement, while caused by a resultant of several 


= forces, is undoubtedly influenced by the cross section of the valley at 
site and by the followed in of = 


‘Settlement Dec.12- 13 June 17-22 ‘Move 20-23 duly 19 July Settlement to July 1958, as = 

Plate Nos 1952 “a> 1953 1954 1956 1957-1958 percentage of height of 
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the case of dam, with the of the upper portion, “ 
- the rockfill was built out from the left abutment in lifts approximately — 
40 ft. high, with each load sluiced down the slope from the top of the _ 
«lift by skid mounted monitors delivering - about two parts of water to one 
part of rock.” It would appear logical any longitudinal movement in the 
‘fill ‘should 1 reveal itself to the maximum extent near the right abutment. 
3. The “movements : appear to have attained a maximum by July, 1957, as 
a “would be anticipated due to the hydrostatic loading having reached a *- 


‘The s settlement, deflection and longitudinal movements given in Tables 3 to 


8 are relatively erratic, those though possessing broad over-all consistency, as 
as would be expected from consideration of the behavior of the fill materials. 
- Generally : speaking, Kenney dam appears to have reacted to the 2a 


of full hydrostatic loading in the same as other well- 
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materially to confidence in the sloping impervious - of 
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E. ‘LLOyD,! F. . ASCE, O. L. MOORE,’ 'M. ASCE, AND W. F. GETTS, 3 
F. ASCE.—Mr. Dodd’s comments on the use of a horizontal drainage blanke 7 
under the core downstream of the grout | curtain in an impervious core 
fill dam is indicative of the variety of arrangements that may be used with 
| this type of dam. The use of a horizontal drainage blanket under the down- is 
stream third of the core was considered | for Cherry Valley D Dam for the rea- a 
“sons given by Mr. Dodd, namely lowering ¢ of the phreatic line in the down- pA 
stream portion of the core and the possibility of a reduction in the seepage 
forces a acting on the downstream face. _ However, the he core slopes { finally used 
were such that seepage | pressures on the downstream . slope of the core had no 
appreciable effect on the theoretical stability. Of more concern to the design- 
ers was the question of assuring a tight cut- -off a along the line between | ——> ; 
core and the rock foundation. * The length of contact would have been ea 
less had a horizontal drainage cee 
__ The method of operation of the reservoir also influenced this decision. "le 
The water level will not remain at maximum elevation for more than a month 
or two each year. This is not a sufficient length of time to establish the phre- 
atic line at its maximum theoretical position so that the lowering of the phre- 
atic line is not as important : as it might be otherwise. Though this was not axe 
considered in the Goatgn, & it did influence the decision as to the use of a hori- | 
gontaldrainage blanket, 
view of these considerations, it was decided that a horizontal drainage 
blanket would not be used at Cherry Valley Dam. The authors are in full 7 
agreement with Mr. Dodd’s statement that the advisability of a | 
drainage blanket is dependent on the factors ‘peculiar to each situation which A 
be considered in terms of cost and performance. 
9 - Mr. Lawton inquires as to the use of an earthquake allowance of | 0.05 05 gfor 
Cherry ‘Valley Dam. The Cherry Valley region is not subject to violent earth-— 
quakes. No recently active faults have been found or are known to exist in the P 
- Fegion, and there is no evidence of recent earthquake activity in the vicinity. — 
Inasmuch as the dam is founded upon bedrock of the Sierra batholith, with its 
great mass of hundreds of cubic miles of dense, sound rock, there is little — 
possibility of of large earthquake forces: being t transmitted to the dam. For — 
4. _ Proc. Paper 1733, , August, 1958, H. E. Lloyd, O. L. Moore, and W. F. Getts. , 
and Chf. Engr., Hetch Hetchy Water Supply, Power and Utilities Engr. 
‘Bureau, Public Utilities Comm., City and County of San Francisco, Calif. 
Constr. Engr., Hetch Hetchy Water Supply, Power and Utilities Engr. Bu- 
‘i reau, Public Utilities Comm., City and County of San Francisco, Calif. at 
Senior Civ. Engr., Hetch Hetchy Water Supply, ‘Power and Utilities Engr. 
Public Utilities Comm., and of San Calif. 
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these reasons seismic forces were not considered to be significant in the de- A list of. pi 


- of the dam, hence the use of a coefficient of 0.05 g. eer , 1. “Bids t 


. trenabtion material was placed during the summer of 1954 has contributed ‘to 
the > differential : settlement between the rockfill and the core. The writers be- 
lieve not, since differential settlement between the rockfill the the core is in- 
herent in a central core rockfill dam. The method of placement used in 1954 
gave what amounted to an additional thickness of transition material between | 
the core and the rockfill which would ease this condition somewhat. ‘_ is noted 
that cracking along the top of the dam has been reported at other dams of this 
_ type and is not unique to Cherry Valley et En: 
Be To bring the information in the original paper up to date, additional settle- 
"ment and deflectiondata are givenbelow. 
‘During the 1959 -off. season construction activities | on other parts of the ty 
project: required that the water in the reservoir be kept below elevation 4600. _ 
oat 1959 run-off in the region was below average which led to early release’ a 
of the stored water so that at the present writing the reservoir has been i 
drawn down to the lowest point since its original filling. Itis interesting to 
_ note that as the reservoir was drawn down the crest of the dam moved back | a 
_ upstream past its position at the end of the 1958 drawdown. | dy pe 
= ee As a matter of interest a set of elevations taken on the upstream rock aad 
> berms is presented. Due to the large rock of which the rockfill is composed, ; 
it is rather difficult to say what the exact elevation is at any point since adja- 
; ‘cent rocks may vary a foot or more in size and elevation. Hence the eleva-_ 
_ tions recorded are an estimate of the average elevation at the points. Con- 


= as to the amount of settlement at a point must keep this in mind, ae 


“Atkin 


q 


the fact that during construction the same difficulties were present andthe 


berms were constructed to an average elevation by eye rather than to an exact | 


An error in Plate 2 of the ‘original paper has come the author’s attention. 


as shown on the 1 the plate. 
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4 “Bids to be opened August 18 on n Cherry Valley Dam Project” 
| Construction llustrated, July 1953, 0 
2 “Cofferdam buil built, contractors to rush fill placement fo; for acrecniel ‘Valley 
Construction lustrated, June 1954, PE. 5 
3. 
Engineering News- August 26, 1954 30 
4, “Largest hammer drills in action at Cherry Valley Dam 
‘Western Construction, September 1954, pg. 57 
5. “Equipment geared for big fill job” 
Construction Methods and Equipment, ‘September 1954, peg. 50 
6. “Cold storage for Sierrasnow” 
Big (published by Goodyear Tire & Rubber Co., Akron 16, Ohio) ‘= 
volume 10, number 3, pg-2 
Atkinson completing fill for Cherry Valley Dam; S ; 
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ROCKFILL DAMS - THE DALLAS CLOSURE 


ROBERT. J. POPE. sites for The Dalles Project were consid- 
ered during the early planning stages, but rejected due to unfavorable « a 


eco- 
nomics. No feasable alternate method for construction of a closure dam at a 
selected site was devised due to the depth | of river r at this location. 


elevation -85 MSL. Rockfill obtained tom excavation for the 

| powerhouse was placed in this area as shown on fig. 6 to approximate ele- Pe 
vation +20 during the early stages of construction. This ' was the portion of 
the fill which sustained four annual flood flows before completion of the clo- 
sure without appreciable erosion. River velocities in the closure area were 
not measured during these floods but model studies (1) indicate the velocities — 
during the 823,000 cubic foot per second maximum flood of 1956 to have been 
30 feet per second at 5 foot depth, 32 feet per mid depth and 26 
per second at 5 feet above the bottom 

_ The fill lift which diverted the river - flow | vail eight skeleton units in 
the powerhouse was end dumped about 5 feet above the river surface or at ap- 
proximate elevation 85. a The height of the diversion lift was therefore about 


' 65 feet above the surface of previously placed rock, but 170 feet above the y 


sion fill. ne of the energy was thereby dissipated near the upstream ed; a tf 


and the smaller rock was deposited downstream but still within the widthof = 
the diversion fill. Only the finest rock was carried downstream of the dam 
section. The gravel and blanket materials were placed in relatively quiet | 
| water and no loss of these materials occured. 

_- Unfortunately no method of measuring the quantity of seepage through the 
embankment or foundation has been devised. Considerable seepage could — 
occur without noticeable evidence due to approximately 180 feet depth of tail [— 
water. . Underwater examination of the upstream face for silting since com- Pi 
pletion of the dam has not been made. 
a Reasonable agreement was obtained between th fin 
| line soundings for relatively level bottom conditions. However, ‘when sound-_ 
ing to sloping or irregular surfaces, the accuracy of the sonic method de- “a 
creased in proportion to the depth of water and slope of the bottom surface. 

a Bros. Paper 1738, August, 1958, by Robert J. Pope. 
| 1 Chf., _ Soils Engr. Section, Portland District Corps of Engrs., ‘U.S. s. Dept. 
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_ HYDRAULICS OF CIRCULATING SYSTEMS” 


Discussion by G. Dugan Johnson 


DUGAN JOHNSON, ! M. ASCE.. Bolieau’ paper reviews the vari-— 

~ ous factors involved in the design of condenser circulating water ‘systems ‘and 

quai TVA practice in connection with their major steam plants. His i. 

6 complete coverage of the subject makes the ‘paper a a valuable contribution to” 

_ the technical literature in this field. 

a, However, the reader must be careful to note that Mr. Bolieau’s comments a 
and conclusions are intended to apply specifically to circulating water systems Be 
_ for steam plant condensers and cannot be applied indiscriminately t to aa 


r water pumping systems. As pointed out by Mr. Bolieau, condenser systems 


usually involve a rated pumping head of approximately 20 feet corresponding - 
friction and velocity head losses with no static lift. Although standard 
Bee valves, controls, etcetera are suitable for this specialized, limited | 
service, it should be obvious that their application to systems with higher 
| heads (including static lift) and longer conduits must be based upon analyses — 


2 As a matter of fact, even for condenser circulating water systems Mr. 
B 


olieau’ conclusions have been adopted universally. For ‘instance, he 


Not are these pumps ‘used by by others but this objection. 
- not apply to adjustable-blade propeller pumps(1) which have been built by the 
= Ss company for condenser water ‘circulating s service.\¢ (2) 
Mr. Bolieau’s conclusion that hydraulically- operated cone valves are ex- 
_, but too expensive to use for pump discharge control may be justified 
4 for the low heads and short conduits involved in this type of of service, but their 
is certainly justified for more ‘severe service, as is evidenced by 
almost universal use for pumping systems with heads above 50 feet. Also, | 7 | 
me valve operation is not only more ‘flexible: than motor operation but > 
permits controlled valve closure after power failure by utilizing the energy > a 
_ stored in an accumulator or pressure tank. Normal pump discharge control 
ee consists of automatic slow opening (90 to 120 seconds) after the pump is 
_ started, and slow closure (90 to 120 seconds) shutting the pump off automat-— 
ically when the valve is almost closed, thus avoiding any noticeable pressure 
_ surges, with automatic emergency closure after power failure t to the pump — 
- motor somewhat faster to minimize reversal of flow and accompanied by a 
: controlled etme rise of 10 to 20 percent of the rated head. ivi 
Re Proc. Paper 1946, February 1959, by Clifton W. Bolieau. 4 
1. Chf. Hydr. - Engr., Hydr. Div., Allis-Chalmers Mfg. Co., York, Pa. 
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a by Mr. Bolieau, butterfly valves are also becoming increasingly popular 
for isolating | service / where gate valves had been used almost exclusively. i 

q pi am The Shawnee Steam Plant located on the Ohio River with 57 feet variation 
. in weter level posed an interesting problem. ‘TVA, solved it by introducing 
: seta static head in the form of a weir in the discharge channel so that the | 

an ae head in the discharge waterbox of the condenser would not exceed 

23 feet. A similar problem at the R. E. Burger Station of the Ohio Public , 

\ Service Company(3) was solved by constructing an intermediate basin at the 
usual 20 feet elevation below the condenser and regaining most of the addition- 

_ al head to low river levels | Is by utilizing i it to drive hydraulic: turbines direct- 
connected to booster pumps in the circulating water system. The writer’s q 
company has built five of these turbines, two with ratings of 550 HP and three 
with ratings of 935 > HP under the maximum head of 40 feet. The power devel- 
_ by the turbines automatically ‘reduces the required : size of the main 
pump motors andthe input thereto, 000 adil 
= The writer agrees ‘heartily with Mr. Bolieau’s s observations decragarerinntt, the 


for full size pumps. However, there is no reason to doubt the reliability of © i 
pump capacity based 1 upon accurately conducted laboratory model tests, pro- 
% vided that the prototype pumps, especially the impellers, are manufactured 
% in reasonably exact scale proportions to the model. Although prototype capac- | tation c 
ity can be predicted accurately from model tests, there is some question as Asa 
to the applicability of the Moody formula for efficiency increase from model os 
to prototype on the basis of size. The results of the forthcoming tests on the | 
pumps at TVA’ s Creek Steam Plant should be very interesting. 

‘ “Comparative Characteristics of Fixed and Adjustable-Blade Axial-Flow be usec 


4 
Pumps” by J. D. Scoville, Trans. 8. ASME 1942 | Vol. 64, p p 599. 


2. “Adjustable- _Blade Axial-Flow Pumps for Circulating Water’ 
_L. N. Reeve and J. D. Scoville, COMBUSTION May, 1943. ee "say 


_ 3. “Circulating-Water Turbine Gives Freedom to Plant Location” by at 


G. W. Saathoff, ELECTRICAL WORLD - March 17, 1945. 
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Discussion by W.S S. McIiquham ar and G. ‘Dugan Johnson 
_ W.S. MC ILQUHAM. —The author has discussed the problem of the sur- 
vival of fish passing through the tortuous path of a turbine and has asked -... 
question in relation to turbine design as follows: 
“Should the turbine be designed to operate at a faster speed 
lower horsepower than one designed in accordance with current prac- ais 
tice in order to improve cavitation characteristics?” 
question raises a significant problem in relation to turbine design 
quite separate from the study of the safe passage of anadromous fish through 


the turbine. _ The trend in design is for turbines of high efficiency with mini- 


n- 


a 
mum m dimensions, maximum power and high speed as well as improved « cavi- 


a preface to the question, the author has stated that the Ng and H are 
| specified for a turbine, so that the product of RPM and HP is constantin — Pe i 
‘First let us note that the size of the turbine © or the diameter of th the runner oo ee 
be used to obtain the H.P. is not fixed by the above formula. Ino order to « con-_ ioe. 


- sider the specific problem, let us now fix the diameter to be used and design 3 
(a) a low speed and high power characteristic 


_a high speed and low power characteristic 
_ These turbines, if if operated un under the same H H and the same turbine setting, — 
_? .e. the same sigma, it is expected that runner (b), the high speed- -low H. P. 
design, would show improved cavitation characteristics over runner (a), 
primarily on account of f the lower H.P. - delivered un under the same H with — 
- accompanying lower a average absolute velocity. Also, it will be noted that the : 
_ difference in design, although for the same Ng, will result in a different H.P. 


| rating for each turbine as well as the different RPM. 


When considering a hydro power development, ‘itis dbiblal that the total 


capacity or H.P. is fixed and hence the specified H.P. rating of each turbine. 
So that, in order to meet the H. P. rating with type (b) design, a larger ‘dia- au 


meter will be required than for type (a). ‘This will also result in an increase _ 


The current trend i in design is to increase Ng relative to the head 1 by oa 


| creasing both speed and unit H.P. without an increase in runner ‘diameter. 


j = Proc. >. Paper a. Proc. Paper 1947, February, 1959, by J. F. Muir. 


Engr. Hydr. Div., Dominion Co., Ltd., Montreal, Canada 
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tion phenomenon unless accompanied by 
design. In recent years. runners. have been improved in design but 
: - the problem of obtaining the ideal or optimum flow pattern is not yet achieved. 
#1 This is evidenced by the number of runners of different design which are r & 
available for operation under the same head. - Also field data on the pitting of 7 
4 runners shows that each design has its own cavitation characteristic. ———— 
Om The author has made reference to certain model runner test results car- 
» 7 ‘Tied out in the D.E. W. Hydraulic ‘Laboratory, which indicated that a reduction 


 amazir 
that a | 
-substa 

ing thr 


in cavitation phenomenon or improved sigma coefficient accompanies anin- _ 
crease in speed. _ We would now point « out that while this characteristic applies | 
to one design, it does not follow that a runner of a different design will show | , 
the same characteristics; in fact the reverse may be true, so that the specific 
- question asked by the author is not readily answered witha a straight yes or no, 
= However, on the hypothesis that for the two types of ru runner design the 
ideal flow pattern has been attained, the turbine of type (b) design, i.e. rela- — 
_ tively high speed and low unit H.P. characteristics, will have less cavitation 
phenomenon than type (a) design when operating under the same head and ~ ae 
sigma setting. Or again, for turbines of specified rated H.P., type (b) design 
would have a larger diameter than type (a) and that type (b) on that account 
_ would have less cavitation phenomenon or better cavitation characteristics 


that al 


gible. 
Co 


7 


. _ For the safest passage of anadromous fish, it is assumed here that the 


enon i is $s generated in the flow and for runners with an ideal flow pattern this _ 
would be expected at best efficiency. For Francis runners, the best efficiency 


_ is normally at less than rated H.P. and the percentage varies with the Ns. | 4 
_ Also the sigma setting of the turbine is important. .. 


DUGAN JOHNSON,” 


M. ASCE. — Professor Muir’s very interesting paper 
summarizes the problems experienced by young anadromous fish wih te 
through hydraulic turbines on their outward journey to the sea. ati hi 
__ He has quoted the results of experiments at Elwha (104 feet head) z oe 
McNary (92 feet head) dams ‘showing 100% and 89%, respectively | estimated — as 
_ survival of fingerlings passing through the turbines. In view of all the diffi- 
culties and uncertainties involved, the writer would be inclined to allow a + 
10% tolerance on these estimates. On this basis, the reported 89% at McNary 
~would be considered as a possible 99% or 100%survivial, as at Elwha. _ Then, 
we could conclude t that young fis! fish cid saiely bal turbines under heads © 
up to approximately 100 feet. 


_ Professor Muir also quoted ciibirtininaais proving that young fish can with- 
‘stand hydrostatic pressures up to 460 feet or more, indicating that they could 


; pass ; safely through fairly high head turbines (at least, up to 500 feet. ) Pro- 
7: fessor Muir’s own experiments indicated that healthy young salmon can also. 


sures resulting from the collapse of cavitation pockets. .... perfect vacuum 
plus water vapor pressure . 


_. could kill at least half of the fish tested 
Considering the potential mechanical damage (cavitation _ 
- pitting) to turbines as a result of these collapsing vapor pockets, it is 


~ 
Chf. Hyer. Div., Allis- Chalmers Mfg. ‘York, 
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‘amasing that any of the fish this test , therefore, indicates 
that a perfectly healthy salmon fi fingerling | is almost indestructible. i ares 
_ Nevertheless, v we ‘cannot accept his hypothesis that these tests indicate — 
substantial percentages of young salmon would be killed as the result of pass- 
_ ing through hydraulic turbines es under cavitating conditions. Even in a eesnenre| a 
‘ with well-developed cavitation, only a fraction of the discharge area is being - 
“bombarded” by collapsing vapor pockets. In addition, a fingerling passing ~ 
n wen this bombarded area is not immobilized to receive the hammer- blow 
B of the cavitation explosion, but may escape completely from a . direct hit or — 
3 may merely be thrown “off course” by it. These observations, plus the fact 7 
_ that almost half of the fingerlings tested lived through Professor Muir’s . | 


28 
c | : severe tests, even though they were imprisoned in the riser of his apparatus 
| 


so that there was absolutely no escape from the intense pressure following 
7 collapse of the vapor pocket, lead the writer to conclude that the percentage > 7 
“of young salmon likely to be killed due to passage through any large hydraulic | 
turbine, even under cavitating conditions, would be so small as to be negli- 
*Z Consequently, ee writer is not disposed to discuss the various aspects a 
7 turbine design that could minimize the cavitation tendency. _ However, it © 
_ should be noted that the lower allowable sigma values applicable to en 
- specific speed turbines, or turbines especially designed for minimum cavita- 
- are usually taken advantage of by higher settings with respect to tail-_ 
= As a result, in any well-designed installation, the tendency for cavita- 
tion to occur just beyond the full load output rating is essentially independent — 
3 


The writer had occasion to become intimately associated with 


problem of the passage « of young fish through turbines. ‘Since | the company by 
which he is employed manufactured the fourteen 280 inch diameter Kaplan 7 
- turbines at McNary, the U. S. Army Corps of Engineers engaged us to conduct 7 
Zz very preliminary tests on the passage of fingerlings through the 12 inch 


_ diameter McNary model turbine in our hydraulic laboratory. . The purpose of _ 
__ this investigation was to explore the possibility of correlating tests — : 


with special emphasis o on n survival ‘rates with and without cavitation. 

_ Although our abbreviated program demonstrated the possibility of various — 8 
_ types of  fingerlings surviving passage through such a small turbine under : 
prototype conditions, it ° was not possible to arrive at any definite conclusions 


‘ane equipment. and the use of hatchery fish of such sizes and species < as 
were available in chemically treated city water at relatively high tempera- | ‘a 
tures, precluded any quantitative analyses of mortality due to cavitation ‘and/ 
_ However, the use of models to study the factors influencing the mortality _ 
i i. fingerlings in passing through turbines appears to be very promising. = 2 
a result of this brief introduction to the problem, we are now in a much better 
position to assist the U. S. _ Army Engineers, or any other agency, in outlining — ; 
a more comprehensive program that might lead to some realistic conclusions — 
regarding the effects of cavitation on the mortality of young fish — ah ae 
| through hydraulic turbines, 


_ We are extremely anxious to cooperate in any program that shows prom- 


ise of the impasse between the “fish — and “power 
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Its is our considered opinion ‘that the natural resources of our great 
rivers ‘should, and can, be developed fully f for useful power, without interfer- - 
ing ‘materially in the life cycle of such important anadromous fish as the salm- 
on. Fish ladders, or other effective devices, are required for the upstream > 


te of the full grown fish to the spawning beds, and the downstream trip of 


a= 


the small fingerlings can be made via the spillways of the dams or through 
the turbines with negligible mortality. Various types of attraction devices _ 
may be required to get the young fish started down the penstocks of medium 
; _ to high head turbines, , but » we believe that the passage can be made safely. Toa 
_ We feel that Professor Muir has contributed a valuable approach to this — 
ees important problem and trust th: that he will not disagree too oa 5 
_ with our extension of his hypothesis . that young salmon can pass safely 
reasonably large hydraulic turbines under non- conditions 
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HIGH- LIFT CONSTRUCTION METHODS FOR MASS CONCRETE? 


Discussion by Adolf A. Meyer 


ADOLF F. ASCE.- —When reviewing the development of con- 

: struction methods for mass concrete = the last 30 years, we find it close- ae . 

ly tied to a basic postulate of design. ‘This postulate | calls for control and 
specific limitations of the temperature drop in restrained mass concrete. 

These limitations were established to keep the tensil stresses, caused by = 


for the safety | of the structures. Many systems | of control have been en advocated 

and applied. They make use of one or of several of the following means oe 

4 53) Use of concrete mixes with very low ce cement content. 


temperature drop, within an allowable range; they are considered essential os 


2) Use of cement of low specific heat. —™S 


Surface cooling, by pouring in lifts with Tong intervals b between 
4) 


Forced cooling of the concrete in place. 


—— the basic postulate has been taken for granted by everybody. : 
But side by side with this apparent unanimity of opinion, there was a con- 
- sistent outsider: “ From time to time we read about new hydro electric pro- 
. jects in Ontario, constructed by a large and highly competent firm, the con- _ 
struction of which followed methods which apparently disregarded all concern — 
about temperature control. _ The reports talked about mixes with high cement’ # 
_ content and about lifts of unprecedented heights. In short, this firm chose a : 
be the heretic inthe mass concrete field. 
The author of this paper is to be for presenting a 


_ tised by the Hydro-Electric Power Commission of Ontario. He explains the i 
factors which favor its application in Ontario. He | gives a most interesting | 7 
_ discussion about the effects of this method on the quality of the structures. 


_ The writer is particularly impressed with two aspects of the observations 


First, these observations show that, for the methods used, the iaiiaiibay oe 


-—£ are in the range where conventional design methods Ss would ex expect | them > 
to be. They range between 55°F and 85°F. 
Second, the Gevertating re: these high temperature drops would 


_~presage, did not occur. 


4 a. Bros Paper 2061, June 1959, by Otto 
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The author offers some for these results. He 
"points to the fact, that stresses from temperature change develop only in noch 
zones where the volume change is prevented or restrained by an outside Fe ee } 
force. . Normally, such restraint exists only at or near - rock oe 
_ his field explorations and the photo elastic model indicate that the influence 
of restraint, with increasing distance from the restraining surface, decreases — 
much faster than is commonly ; assumed. _ Obviously only a small fraction Lol 


dl as: Of particular interest is the observation that there is no eu for 


4 
> for weaknesses not encountered with high-lift construction. 


-- The author stresses the point that the method has been used for structures — 
of modest heights only. . The average height of the dams listed in 1 Table 1. is ; 
122', the highest dam there listed is 225' high. _ The author points | to the great 

reserve strength which a low gravity dam undoubtedly possesses. 


serve decreases rapidly, as the height of the dam increases. It therefore can 


. _ be expected that the author himself would put a limit in height on dams built — 
by the described method. ' Would he care to let us ki know where his his experience | 


ah 
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: , cracks once started have a way of appearing Ge 
4 construction, crac 
| 
+ 
— 
— 
| 
A. 
— 
— 


The technical papers in the vest year are identified by number below. Teéchnical- division 
_ sponsorship is indicated by an abbreviation at the end of each Paper Number, the symbols referring to:\ Air 
Ws: Transport (AT), City Planning (CP), Construction (CO), Engineering Mechanics (EM), Highway (HW), Hy-— vad 
draulics (HY), Irrigation and Drainage (IR); Pipeline (PL), Power (PO), Sanitary Engineering (SA), Soil. 
Wh “e Mechanics and Foundations (SM), Structural (ST), Surveying and Mapping (SU), and Waterways and Harbors > > 4 
-<? ae (WW), divisions. Papers sponsored by the Department of Conditions of Practice are identified by the sym- " 
we bols (PP). For titles and order coupons, refer to the appropriate issue of “Civil Engineering.” ” Beginning an fas i, ¢ 
with Volume 82 (January 1956) papers were published in Journals of the various Technical Divisions. To ye bY 


3 


> 


NOVEMBER: 1833(HY6), - 1835(SA8), 1836(8T7), ‘1837(ST7), 1838(ST7), 1839(ST7), 
1841(ST7), 1842(SU3), 1843(SU3), 1844(SU3), 1845(SU3), 1846(SU3), 1847(SA6), 1848(SA6), 1849(SA6), 

GAG), 1852(8A6), 1853(SA6), 1854(ST7), 1855(SA6)°, 1856(HY6)°, 


DECEMBER: 1859(HY7), 1861(IR4), 1862(1R4), 1863 (SM5), -1864(SM5), 1865(ST8), 1060. 
STS), 1868(PP1), 1869(PP1), 1870(PP1), 1871(PP1), 1872(PP1), 1873(WW5), 1874(WW5), 1875(WW5), 1876 


1887(PO6), 1888(PO8), 1880(PO6), 1880(H¥7), 1891(PP1). 


aw 1900(HW1), 1901(HY1), 1902(HY1), 1903(HY1), 1904(HY1), 1905(PL1), 1906(PL1), 1907(PL1),.1908(PL1), 
1909(ST1), 1910(ST1), 1911(ST1), 1912(ST1), 1913(ST1), 1914(ST1), 1915(ST1), 1916(AT1)°, 1917(EM1)°, 
hit, 1918(HW1)°, 1919(HY1)°, 1920(PL1)°, —-1921(SA1)°, 1922(ST1)°, 1923(EM1), 1924(HW1), 1925(HW1), 1926 


(PL1), 1927 (HW), 1928(HW1), 1929(SA1), 1980(SA1), 19318A1), 1932(8A1). 


FEBRUARY: 1933(HY2), 1934(HY2), 1935(H¥2), 1936(SM1), 1937(SM1), 1938(ST2), 1939(8T2), 1940(ST2), 
49414872), 1942(8T2), 1943(ST2), 1944(ST2), 1945(HY2), 1946(PO1), 1947(PO1), 1948(PO1), 194901), 
MARCH: 1963(1R1), 1964(R1), 1965(1R1), 19660R1), 1967(SA2), 1968(8A2), 
1969(ST3), 1970(ST3), 197K(ST3), 1972(ST3), 1973(ST3), 1974(ST3), 1975(ST3), 1976(WW1), 1977(WW1), 
-1978(WW1), 1979(WW1), 1980(WW1), 1981(WW1), 1982(WW1), 1983(WW1), 1984(SA2), 1985(SA2)°, 1986 


Ag 


APRIL: 1990(EM2), 1991(EM2), 1992(EM2), 1993(HW2), 1994(HY4), 1995(HY4), 1996(HY4), 1997(H¥4), 1998 
(SM2), 1999(SM2), 2000(SM2), 2001(SM2), 2002(ST4), 2003(ST4), 2004(ST4), 2005(ST4), 2006(PO2), 
(Hw2)¢, 2008(EM2)°, 2008(ST4)°, 2010(sM2)°, 2011(8M2)°, 2012(HY¥4)°, 2013(PO2)*. 


2014(AT2), 2018(AT2), 2016(AT2), 2017(HY5), 2018(HY5), 2019(HY5), 2020(HY5), Soni | 
-2023(PL2), 2024(PL2), 2025(PL2), 2026(PP1), 2027(PP1), 2028(PP1), 2029(PP1), 2030(SA3), 2031(SA3),, 

2082(SA3), 2033(SA3), 2034(ST5), 2035(ST5), 2036(STS), 2037(ST5), 2038(PL2), 2039(PL2), 


ats 
JUNE: 2048(CP1), 2049(CP1), 2050(CP1), 2051(CP1), 2052(CP1), 2053(CP1), 2054(CP1), 2055(CP1), 


(Sa 


— 


2066(WW2), 2067(WW2), 2068(WW2), 2069(WW2), 2070(WW2),; 2071(Ww2), 2072(CPi1)°, 
c c 
“JULY: 2079(HY7), -2080(HY7), 2081(HY7), 2082(H¥7), 2083(HY7), 2084(HY7), 2085(HY7), 2086(SA4), 2087 
LS (SA4), 2088(SA4), 2089(SA4), 2090(SA4), 2091(EM3), 2092(EM3), 2093(EM3), 2094(EM3), 2095(EM3), 2096 eee . 


(EM3), 2097(HY7)°, 2098(SA4)°, 2099(EM3)°, 2100(AT3), 2101(AT3), 2102(AT3), 2203(AT3),2104(AT3), 
2105(AT3), 2106(AT3), 2107(AT3), 2108(AT3), 2109(AT3), 2110(ATS), 2111(AT3), 2112(AT3),2113(AT3), 
2115(AT3), 211(AT9), 2119(AT3), 2120(AT3), 2121(AT3),2122(AT3), 


(sM4), 2136(SM4), 2197(SM4), 2138(HY8)°, 2139(PO4)° 2140(sM4)°.. 


"SEPTEMBER: 2141(CO2), 2142(CO2), 2143(CO2), 2144(HW3), 2145(HW3), 2146 (HWS), 2148(HY9), 

-2149(HY9), 2150(HY9), 2151(IR3), 2152(ST7)°, 2153(IR3), 2154(IR3), 2155(IR3), 2156(IR3), 2157(0R3), 2158 
(IR3),2159(IR3), 2160(IR3), 2161(SA5), 2162(SA5), 2163(ST7),2164(ST7), 2165(SU1), 2166(SU1), 
2168(WW3), 2169(WW3), 2170(WW3), 2171(WW3), 2972(WW3), 2173(WWS3), 2174(WW3), 2175(WW3), 2176 
4 (WW3),. 2177(WW3), 2178(CO2)°, 2179(IR3)¢, 2180(HW3)°, 2162(HY9)°, 2183(SU1)°, 2184 


2197%(EM4), 2198(EM4), 2199(EM4), 2200(HY10), 2201(HY¥10), 2202(HY10), 2203(PL3), 2204(PL3), 2205. 
(PL3), 2266(POS), 2207(P95), 2208(POS), 2209(POS), 2210(SM5), 2211(SM5), 2212(SMS5), 2213(SMS5), 2214 
(SMS), 2215(SM5), 2216(SM5), 2217(SMS5), 2218(ST8), 2219(ST8), 2220(EM4), 2221(ST8), 2222(ST8), 2223 
(ST8), 2224(HY10), '2225(HY10), 2226(PO5), 2227(POS), 2228(PO5), 2229(ST8), 2230(EM4), 2281(EM4), 


(HY6), 2057(HY6), 2058(HY6), 2059(IR2), 2060(IR2), 206i(PO3), 2062(SM3), 2063 (SM3), 2064(SM3), 2065 


7 
| 
=" 
= 
| 
d 
ij 
q 
7 
4 
fa. 
7 
- 


3 


\ 


x 


FINLEY B. LAVERTY CRAIG ?. H AZELET 


“OFFICERS FOR 1959. 


AMERICAN SOCIETY OF CIVIL “ENGINEERS 


‘Term expires October, 1959: 


Term expires October, 1960: 
WALDO G. BOWMAN 


“PAULL. HOLLAND 


. 


Term expires October, 1 1959: Term. expires October, 1 1960: Term expires October, 19685 
CLIN’ FON D, HANOVER, Jr. PHILIP C. RUTLEDGE ‘THOMAS } FRATAR | 
-E. LELAND DURKEE WESTON: EVANS F, O'BRIEN 
HOWARD F. PECKW ORTH TILTON E. SHELBURNE DANIEL 
WILLIAM J, HEDLEY DONALD ‘MATTERN FRED H. RHODES, JR. 


~ 


ASSISTANT 


HE SOcI 


oy of Technical Publications — wt 


Yr 
yet MARVIN SCHEGHTER 
Editor of Technical Publications aoe seine Editor of Technical Publications 


aS 


TIONS” 
pe HOWARD F. PECKWORTH, Chairman 
PHILIP C, RUTLEDGE, Chairman 
E. LELAND DURKEE CHARLES. w. BRITZIUS 


— 
— 
— 
— 
— 
. 
— 


